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The PREFACE. 



’ T may be necejjary to acquaint the reader , that the ~ 
lowing observations and experiments were net arc 
up with a view to their being made publick. 



fit- 

awn 

but were 



letters wrote on various topicks , 
amufement 



up with a view to their being y , . ... .. 

communicated at different times , and mojl of them in 

as matters . only of private 



umujL'mcni . 

But fome perfons to whom they were read, and who lad 
themfelves been converfant in electrical difquiftions , were of 
opinion, they contain'd fo many curious and inierefting parti- 
culars relative to this affair , that it would be doing a kind 
°f injufice to the publick, to confine them Jblely to the limits 



oj a private acquaintance. 

The Editor was therefore prevailed upon to commit fuch ‘ex- 
tracts oj letters, and other detach'd pieces as were in his 
hands to the. prefs, without watiinggfvr the ingenious au- 
thor s permiflion flrio do -, and this was done with the lefs hefi- 
tntiff, as it was apprehended the author's engagements in other 

iSS fi° u d -If rce “fiord him leij'ure to give the public. k 
his reflections and experiments on the fubjeCt, finijfh'd with 

he f a n an f dfj' c ffn of which the treatij'e before us (hews 

peculiar to himfelf - thev nr a re j aie f are mofl oj them 
the inference. TfLgZ IT f‘ J Tk and 

times frofofed under the term Tr cmc T ne > >btttgb fome- 
And indeed the feene he r/> ° f u PPp tlt>ns and conjedfures. 

‘Mtm*, M “ e ZZT A T S US wi,h “ PMng 

judicious reflections to a f f U* ^ r tratn °f f aS ^ 'and 
"which ere at once the mo/ awful * ^a/ / tko f e phenomena, 
wh Me leaflveriflmilitude/ ' hltherto > accounted for 



He 



PREFACE. 

Hr exhibits to our moderation , an invifible, fubtile mat- 
ter, dijjerninated through all nature in various proportions , 
equally unobferved , and , whilft all thoj'e bodies to which it pecu- 
liarly adheres are alike charged with it, inojjcnfivc. 

He Jhews, however, that if an unequal dijtribution is by 
any means brought about ; if there is a coacervation in one 
part of fpace, a lefs proportion , vacuity , or want, in ano- 
ther ; by the near approach of a body capable of conduc- 
ing the coaccrvaied part to the emptier fpace, it becomes 
perhaps the mofi formidable and irrefftiblc agent in the uni- 
verfe. Animals are in an Infant ft ruck brcathlefs, bodies 
almoft impervious by any force yet known, are perforated, and 
metals fifed by it, in a moment. 

From the fimilar efteCts of lightening and electricity our 
author has been led to make fame prop able conjectures on the 
caufe of the former ; and .at. the fa me time, to propofe fome 
ralionaf, experiments in order to fecure^urflves, and thofe 
things on which its force is often directed , from' its perni- 
cious ejfeCls ; a circumftance of no fmall importance to the 
publick, and therefore worthy of the utmoft attention. 

It has, indeed, been of late the faftion to aferibe every 
grand or unufual operation of nature, fucb as lightening and 
earthquakes, to electricity-, not , as one would imagine, from the 
manner of reafoning on thefe occafions, that the authors of thefe 
fchemes have, difeovered any connection betwixt the caufe and 
effect, or faw in what manner they were related -, but, as it 
would feem, merely becaufe they were unacquainted with any 
other agent, of which it could not positively be faid the con- 
nection was impoftible. 

But of thefe, and many other inter efting circumftances, the: 
reader will be more fatisfaClorily informed in the following 
letters, to which he is therefore referred by 
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LETTER I- 

FROM 

Mr Benj. Fr anklin, in Phila delphia, 

T O 



Mr Peter Collinson, F.R. S. London . 



SIR, J“Iy 28, 1747 - 

HE neceffary trouble of copying long 
letters, which perhaps when they come 
to your hands may contain nothing 
new, or worth your reading (fo quick 
is the progrefs made with you in E- 
ledlricity) half difeourages me from 
writing any more on that fubjedt. Yet I cannot forbear 
adding a few obfervations on M. Mufchenbroek ' s won- 
derful bottle. 




B 
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cleLlH e f n0n ' eleariC r^' 11 ” the b0 “ k »r S when 
cleftnfed from a non-de^ic elearifed out of the bottle, in 

•/V V a£ t e e edh ' lcal fire of the latter is accumulated on 
tis furface, zxA forms an eledtrical atmofphere round it of 

confiderabk extent : but the eledtrical fire is crouded into 
the fubflance of the former, the glafs confining it. 

2. At the fame time that the wire and top of the bot- 
tle, &c. is eledlrifed pofitively or plus, the bottom of the 
bottle is eledlrifed negatively or minus , in exadl propor- 
tion : i. e. whatever quantity of eledtrical fire is thrown 
in at top, an equal quantity goes out of the bottom. To 
underhand this, fuppofe the common quantity of Eledtri- 
city in each part of the bottle, befbro^operation begins, 
is equal to 20 ; and at every ftroke of the'tubertoppoie a 
quantity equal to 1 is thrown in ; then, after the firft 
ftroke, the quantity contain'd in the wire and upper part 
of the bottle will be 21, in the bottom 19. After die 
fecond, the upper part will have 22, the lower 18, and 
fo on 'till after 20 ftrokes, the upper part will have a quan- 
tity of eledtrical fire equal to 40, the lower part none : 
and then the operation ends : for no more can be thrown 
into the upper part, when no more can be driven out of 
the lower part. If you attempt to throw more in, it is 
fpued back thro’ the wire, or flies out in loud cracks 
thro’ the fides of the bottle. 

3 . The equilibrium cannot be reftored in the bottle by 
inward communication or contadt of the parts j but it 
muft be done by a communication form’d without the bot- 
tle. 
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tie between the top and bottom, by fome non-ekanc, 
touching both a, the taetot in whkh^ - - 



is reftored by degrees, # 

4> As no more eledrical fire can be thrown into the 

top of the bottle, when all is driven out of the bottom, 
fo in a bottle not yet eledlrifed, none can be thrown into 
the top, when none can get out at the bottom ; which 
happens either when the bottom is too thick, or when 
the bottle is placed on an eledtric per fe. Again, when 

the bottle is eledlrifed, but little of the eledlrical fire can 
be drawn out from A*rTop,'by touching "tlfr wire, unlefs 
an -equal quantity can at the fame time get in at the bot- 
tom. Thus, place an eledlrifed ■ bottle on clean glafs or 
dry wax, and you will not, by touching the wire, get out 
the fire from the top. Place it on a non-eleclric, and 
touch the wire, you will get it out in a fhort time ; but 
fooneft when you form a diredl communication as above. 

So wonderfully are thefe two ftates of Eledlricity, the 
plus and minus , combined and balanced in this miraculous 
bottle ! fituated and related to each other in a manner that 
I can by no means comprehend ! If it were poflible that a 
bottle fliould in one part contain a quantity of air ftrongly 
compreft, and in another part a perfedt vacuum, we know 
the equilibrium would be inftantly reftored within. But 
here we have a bottle containing at the fame time a plenum 
of eledtrical fire, and a vacuum of the fame fire j and yet 

B 2 the 
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the equilibrium cannot be reftored between them but by a 
communication without ! though the plenum prefles vio- 
lently to expand, and the hungry vacuum feems to attrad 
as violently in order to be filled. 

5. The fhock to the nerves (or convulfion rather) is oc- 
cafion’d by the fudden pafling of the fire through the 
body in its way from the top to the bottom of the bottle. 
The fire takes the fhorteft courfe, as Mr Watfon juftly 
obferves : But it does not appear, from experiment, that, 
in order for a perfon to be ihocked, a communication 
with the floor is neceflary ; for he that holds the bottle 
with one hand, and touches the wire with the other, will 
be fhock’d as much, though his fli.oes be dry, or even 
Handing on wax, as otherwife. And on -ajneh of 
the wire (or of the gun-barrel, which is the fame thing) 
the fire does not proceed from the touching finger to the 
wire, as is fuppofed, but from the wire to the finger, 
and paflfes through the body to the other hand, and fo into 
the bottom of the bottle. 

Experiments confirming the above . 

EXPERIMENT I. 

Place an eledrifed phial on wax ; a fmall cork-ball 
fufpended by a dry filk-thread held in your hand, and 
brought near to the wire, will firft be attraded, and then 
repelled : when in this ftate of repellency, fink your 
hand, that the ball may be brought towards the bottom of 

the 
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the bottle ; it will there be inaptly and ftrongly attraaed, 

atmofphere - v" as 

It the bottie --nulled from one 



experiment ii. 

Fig.i. From a bent wire (a ) flicking in the table, let a fmall 
linen thread (b) hangdown withinhalf an inch of the elec- 
trifed phial (c). Touch the wire of the phial repeatedly with 
your finger, and at every touch you will fee the thread in- 
ftantly attraded by the bottle. (This is beft done by a 
vinegar cruet, or fome-ft reh b U lT^ b attle). As foon as 
you°dr^ anyfire out from the upper part by touching 
the wire, the lower part of the bottle draws an equal 
quantity in by the thread. 



EXPERIMENT III. 

Fig. 2. Fix a wire in the lead, with which the bottom of 
the bottle is armed, (d) fo as that bending upwards, its ring- 
end may be level with the top or ring-end of the wire in 
the cork (e), and at three or four inches diftance. Thenelec- 
tricife the bottle, and place it on wax. If a cork fufpended 
by a filk thread (f) hang between thefe two wires, it will play 
inceflantly from one to the other, ’till the bottle is no longer 
eledrifed ; that is, it fetches and carries fire from the top 
to the bottom of the bottle, ’till the equilibrium is reflored. 



EX- 
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experiment IV. 

Fig. 3. Place an eledlricifed phial on wax ; take a wire 
(g) in form of a C,the ends at fuch a diftance when bent, as 
that the upper may touch the wire of the bottle, when the 
lower touches the bottom : hick the outer part on a ftick 
of fealing wax (h) which will ferve as a handle. Then ap- 
ply the lower end to the bottom of the bottle, and gradu- 
ally bring the upper-end near the wire in the cork. The 
consequence is, fpark follows fpark till the equilibrium is 
reftoied. Touch the top fir ft, and on approaching the bot- 
tom with the other end, you have a conftant ftream of fire, 
from the wire entering theja ottle, Touch the top and bot- 
tom togethei, and the equilibrium will l'ooii Jj^jxftorcd, 
but filently and imperceptibly ; the crooked wire forming 
the communication. 

EXPERIMENT V. 

Fig. 4. Let a ring of thin lead or paper furround a 
bottle ( 1), even at fome diftance from or above the bottom. 
From that ring let a wire proceed up, ’till it touch the 
wire of the cork (k). A bottle fo fixt cannot by any means 
be eledtrifed : the equilibrium is never deftroyed : for 
while the communication between the upper and lower 
parts of the bottle is continued by the outfide wire, the 
fire only circulates : what is driven out at bottom, is con- 
ftantly fupply’d from the top. Hence a bottle cannot be 
eledtrifed that is foul or moift on the outfide. 



EX- 
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EXPERIMENT VI. 

place a man on a cake of wax, and prefent him the wire 
of ,he eleftrified phial to touch, you Handing on the floo. , 
and holding it in your hand. As often as he touches it, he 

will be eleftrified f Ian and any one Handing on the oor 
may^draw a fpart from him. The fire in this expel 

meat paffes out of the wire into him 1 and at the fame time 

out of your hand into the bottom of the bottle. 

experiment VII. 



Give him the eledtrified phial to hold ; and do you touch 
the wire ; as often yotiToScTirhe will oe-eledtrified minus, 
and nliy draw a fpark from any one handing on the floor. 
The fire now paffes from the wire to you, and from him 
into the bottom of the bottle. 



EXPERIMENT VIII. 

Lay two books on two glaffes, back towards back, two 
or three Inches diftant. Set the eledtrified phial on one, 
and then touch the wire ; that book will be eledtrified 
minus ; the eledtrical fire being drawn out of it by the bottom 
of the bottle. Take off the bottle, and holding it in your 
hand, touch the other with the wire ; that book will be 
eledtrifed plus ; the fire pafiing into it from the wire, and 
the bottle at the fame time fupply’d from your hand. A 
fufpended fmall cork-ball will play between thefe books 
’till the equilibrium is reftored. 



EX- 
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experiment IX. 

When a body is ele&rifed plus it will repel an electrified 
feather or fmall cork-ball. When minus (or when in the 
common ftate) it will attract them, but ftronger when minus 
than when in the common ftate, the difference being greater. 

EXPERIMENT X. 

Tho’, as in EX PER. VI. a man ftanding on wax may 
be electriled a number of times, by repeatedly touching the 
wire of an eleftrifed bottle (held in the hand of one ftand- 
ing on the floor) he receiving the fire from the wire each 
time : yet holding it in his own hand, and touching the 
wire, tho’ he draws a ftrong lpark, and is violently fhock’d, 
no Electricity remains in him ; the fire only pairing thro’ 
him from the upper to the lower part of the bottle. Ob- 
ferve, before the fhock, to let fome one on the floor touch 
him to reft ore the equilibrium in his body ; for in taking 
hold of the bottom of the bottle, he fometimes becomes a 
little ele&rifed minus , which will continue after the fhock ; 
as would alfo any plus Ele&ricity, which he might have 
given him before the fhock. For, reftoring the equilibrium 
in the bottle does not at all affeCl the Eledrricity in the man 
thro’ whom the fire paffes ; that EleClricity is neither in- 
creafed nor diminifh’d. 

EXPERIMENT XL 

The palling of the eleCtrical fire from the upper to 
the lower part of the bottle, to reftore the equilibrium 
is render’d ftrongly vifible by the following pretty experi- 
ment. 
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m e„. Take a book whofe cover b SO ** ; wi* gold> 
bend a wire of eight or ten inches long in. the fo 
o f(m) Fig. 5, flip* on the endof the cover of the book ovei 
the gold line, fo as that the fhoulder of it may prefs upon 
one end of the gold line, the ring up, but leaning towards 
the other end of the book. Lay the book on a glafs or wax ; 
and on the other end of the gold lines, fet the bottle elec- 
trifed: then bend the fpringing wire, by preffing it with a 
ftick of wax till its ring approaches the ring of the bottle 
wire ; inftantly there is a ftrong fpark and ftroke, and the 
whole line of gold, which completes the communication 
between the top and bottom of the bottle, Will appear a vi- 
vid flame, like the fharpeft lightnings- The cloler the con- 
tad between the HIouider of the wire, and the gold at one 
end of the line, and between the bottom of the bottle and 
the gold at the other end, the better the experiment fuc- 
ceeds. The room fhould be darkened. If you would 
have the whole filletting round the cover appear in fire at 
once, let the bottle and wire touch the gold in the diagonally 
oppofite corners. 

I am. See . 

B. FRANKLIN. 

C 
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FROM 

Mr Benj. Franklin, in Philadelphia^ 

t o 

Mr P ETER CoLLINSONj F. R. S. London i 
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SIR, - Sept, i, 1747. 

N my laft I informed you that, in purfuing our eleHnCal 
enquiries, we had obferved fome particular Phenomena, 
which we looked upon to be new, and of which I pro- 
mifed to give you fome account, tho’ I apprehended they 
might pofiibly not be new to you, as fo many hands are daily 
employ’d in electrical experiments on your fide the water, 
fome or other of which would probably hit on the fame 
obfervations. 

The firft is the wonderful effeCt of pointed bodies, both in 
drawing off and throwing off the electrical fire. For example : 
Place an iron fhot of three or four inches diameter, on the 
mouth of a clean dry glafs bottle. By a fine filken thread 
from the cieling, right over the mouth of the bottle, fuf- 
pend a finall cork-ball, about the bignefs of a marble ; the 

thread 
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thread of fuch a length, as that the cork-ball may reft a 
M the fide of the (hot. Ekarify the (hot. and the 
ball will be repelled to the diftance of four or five, inches, 
more or left, according to the quantity of Ele£tr,c,ty.— 
When in this (late, if you prefent to the (hot the point of 
a lonf flender (harp bodkin, at fix or eight inches diftance, 
the repellency is inftantly deftroy’d, and the cork flies to the 
fhot. A blunt body muft be brought within an inch, and 
draw a fpark, to produce the fame effeCt. To prove that' 
the eledtrical fire is drawn off by the point, if you take the 
blade of the bodkin out of the wooden handle, and fix it 
in a ftick of fealing wax, and then prefent it at the diftance 
aforefaid, or if you brfiYg it very near, no fuch effeCt fol- 
lows ; Fuf’mding one finger along the wax till you touch 
the blade, and the ball flies to the fhot immediately. — If 
you prefent the point in the dark, you will fee, fometimes 
at a foot diftance, and more, a light gather upon it like that 
of a fire-fly or glow-worm ; the lefs fharp the point, the 
nearer you muft bring it to obferve the light ; and at what- 
ever diftance you fee the light, you may draw off the 
eleCtrical fire, and deftroy the repellency. — If a cork-ball 
fo fufpended be repelled by the tube, and a point be pre- 
fented quick to it, tho’ at a confiderable diftance, ’tis fur- 
prizing to fee how fuddenly it flies back to the tube. 
Points of wood will do as well as thofe of iron, provided 
the wood is not dry ; for perfectly dry wood will no more 
conduct EleCtricity than fealing wax. 



To 
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To {hew that points will throw off as well as draw off 
the electrical fire j lay a long {harp needle upon the {hot, 
and you cannot eleCtrife the {hot, fo as to make it repel the 
cork-ball. — Or fix a needle to the end of a fufpended gun- 
barrel, or iron rod, fo as to point beyond it like a little ba- 
yonet j and while it remains there, the gun-barrel, or rod, 
cannot by applying the tube to the other end be eleCtrifed 
fo as to give a fpark, the fire continually running out filently 
at the point. In the dark you may fee it make the fame 
appearance as it does in the cafe beforementioned. 

The repellency between the cork-ball and the fhot is 
likewife deftroy’d ; i. By lifting fine fand on it ; this 
does it gradually. 2. By breathing on it. 3. By making 
a fmoke about it from burning wood.* 4. By candle light* 
even tho’ the candle is at a foot diftance : thefe do it fud- 
denly. — The light of a bright coal from a wood fire ; and 
the light of red-hot iron do it likewife ; but not at fo great 
a diftance. Smoke from dry rofin dropt on hot iron, does 
not deftroy the repellency but is attracted by both {hot 
and cork-ball, forming proportionable atmofpheres round 
them, making them look beautifully, fomewhat like fome 
of the figures in Burnet’s or Whijloris theory of the earth. 

* We fuppofe every particle of fand, moifture, or fmcke, being firft at- 
tracted and then repelled, carries off with it a portion of the eleCtrical fire ■, 
but that the fame ftill fubfifts in thofe particles, till they communicate it 
to fomething elfe ; and that it is never really deftroyed. --- So when 
water is thrown on common fire, we do not imagine the element is thereby 
deftroyed or annihilated, but only difperfed, each particle of water carrying 
off in vapour its portion of the fire, which it had attra&ed and attached 
to itfelf. 



N.B. This 
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where the air is very ftill- . , 

The light of the fun thrown ftrongly on both cork and 

foot by a looking-glafs for a long time together, does not 
impair the repellency in the lead. This difference be- 
tween fire-light and fun-light, is another thing that feems 

new and extraordinary to us. 

We had for fome time been of opinion, that the eleCti i- 
cal fire was not created by friCtion, but collected, being re- 
ally an element diffus’d among, and attracted by other 
matter, particularly by water and metals. We had even 
difeovered and demonftrated its afflux to the eleCtncal 
fphere, as well as its'efflux, by means of little* light wind- 
mill wheels made of ftiff paper vanes, fixed obliquely and 
turning freely on fine wire axes. Alfo by little wheels of 
the fame matter, but formed like water wheels. Of the 
difpofition and application of which wheels, and the various 
phenomena refulting, I could, if I had time, fill you a fheet. 
The impoflibility of eleCtrifing one’s felf (tho’ Handing on 
wax) by rubbing the tube and drawing the fire from it ; 
and the manner of doing it by paffing the tube near a per- 
fon or thing Handing on the floor, &c. had alfo occurred 
to us fome months before Mr Watfon’s ingenious Sequel 
came to hand, and thefe were fome of the new things I 
intended to have communicated to you. — But now I need 
only mention fome particulars not hinted in that piece, 
with our reafonings thereupon j though perhaps the latter 
might well enough be fpared. 

1. A 
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1. A perfon landing on wax, and rubbing the tube, and 
another perfon on wax drawing the fire ; they will both of 
tnem, (ptovided tney do not Hand fo as to touch one ano- 
ther) appear to be eleCtrifed, to a perfon Handing on the 
floor ; that is, he will perceive a fpark on approaching each 
of them with his knuckle. 

2. But if the perfons on wax touch one another during 
the exciting of the tube, neither of them will appear to be 
eledlrifed. 

3. If they touch one another after exciting the tube, 
and drawing the fire as aforefaid, there will be a Hronger 
fpark between them, than was between either of them and 
the perfon on the floor. 

4. After fuch ftrong fpark, neither of them dilcover any 
electricity. 

Thefe appearances we attempt to account for thus. We 
fuppofe as aforefaid, that eleCtrical fire is a common element, 
of which every one of the three perfons abovementionedhas 
his equal fhare, before any operation is begun with the 
Tube. A , who Hands on wax and rubs the tube collects 
the eleCtrical fire from himfelf into the glafs ; and his com- 
munication with the common Hock being cut off by the 
wax, his body is not again immediately fupply’d. B, (who 
Hands on wax likewife) pafling his knuckle along near the 
tube, receives the fire which was collected by the glafs 
from A 5 and his communication with the common Hock 
being likewife cut off, he retains the additional quantity 
received. — To C, Handing on the floor, both appear to 

be 
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be eleftrifed : for he having only the middle quality of 
electrical fire, reeeives a fpark upon approach, ng B, who 
has an over quantity , but gives one to A, who has an un- 
der quantity. If A and B approach to touch each other, 
the fpark is ilronger, becaufe the difference between them 
is greater , after fuch touch there is no fpark between ei- 
ther of them and C, becaufe the electrical fire in all is re- 
duced to the original equality. If they touch while eiec- 
trifing, the equality is never dertroy'd, the fire only circu- 
lating! Hence have arifen fome new terms among us : 
we fay, B , (and bodies like circumflanced) is eleCtrifed 
fojitively j A, negatively. Or rather, B is eleCtrifed plus ; 
A, minus. And we daily in" ouf~experiments eleCtrife 
bodies plus minus as we think proper. — To eleCtrife 
plus or minus , no more needs to be known than this, that 
the parts of the tube or fphere that are rubbed, do, in the 
infiant of the friction attraCt the eleCtrical fire, and there- 
fore take it from the thing rubbing : the fame parts imme- 
diately, as the friction upon them ceafes, are difpofed to 
give the fire they have received, to any body that has lefs. 
Thus you may circulate it, as Mr Wat f on has fliewn ; you 
may alfo accumulate or fubflraCt it upon or from any body, 
as you connect that body with the rubber or with the re- 
ceiver, the communication with the common Hock being- 

O 

cut off. We think that ingenious gentleman was deceived, 
when he imagined (in his Sequel) that the ele&rical 
fire came down the wire from the cieling to the gun- 
barrel, thence to the fphere, and fo eleCtrifed the machine 
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and the man turning the wheel, &c. We fuppofe it was 
driven off. \ and not brought on thro’ that wire ; and that 
the machine and man, &c. were eleCtrifed minus i. e. had ] 
lefs electrical fire in them than things in common. 

As the veffel is juft: upon failing, I cannot give you fo 
large an account of American Electricity as I intended : I 
fhall only mention a few particulars more. — We find gra- 
nulated lead better to fill the phial with, than water, being 
eafily warmed, and keeping warm and dry in damp air. — 

W e fire fpirits with the wire of the phial. We light 

candles, juft blown out, by drawing a fpark among the 
fmoke between the wire and fnuffers. — We reprefent 
lightning, by palling the wire in the dark over a china 
plate that has gilt flowers, or applying it to gil t frames of 
looking- glafles, & c. — We eleCtrife a perfon twenty or 
more times running, with a touch of the finger on the 
wire, thus : He ftands on wax. ' Give him the eleCtrifed 
bottle in his hand. Touch the wire with your finger, and 
then touch his hand or face ; there are fparks every 
time. — We encreafe the force of the eleCtrical kifs vaftly, 
thus : Let A and B ftand on wax ; give one of them the 
eleCtrifed phial in hand ; let the other take hold of the 
wire ; there will be a fmall fpark ; but when their lips ap- 
proach, they will be ftruck and fhock’d. The fame if 
another gentleman and lady, C and D, ftanding alfo on 
wax, and joining hands with A and B, lalute, or fhake 
hands. — We fufpend by fine filk thread a counterfeit fpi- 
der, made of a fmall piece of burnt cork, with legs of lin- 

nen 
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, , „ : or two of lead ftuck in him to give 

v" more weight Upon the table, over which he hangs, 
« nT a wS I.p4 as high as the phial and wire, 
two or three inches from the fpider , then we annnan. 
him by fetting the eleftrified phial at the fame dtftancc on 
the other fide of him ; he will immediately fly to the 
wire of the phial, bend his legs in touching it, then fpnng 
off, and fly to the wire in the table ; thence again to t e 
wire of the phial, playing with his legs againft both in a 
very entertaining manner, appearing perfectly alive to pci - 
fons unacquainted. He will continue this motion an hour 
or more in dry weather. — We eleCtrify, upon wax in the 
dark, a book that has a ffimb lehne of gold round upon the 
covefsTTnd then apply a knuckle to the gilding ; the fire 
appears every where upon the gold like a flafh of light- 
ning : not upon the leather, nor, if you touch the leather 
inftead of the gold. We rub our tubes with buckfkin, 
and obferve always to keep the fame fide to the tube, and 
never to fully the tube by handling ; thus they work rea- 
dily and eafily, without the leaft fatigue ; efpecially if kept 
in tight paftboard cafes, lined with flannel, and fitting 
clofeto the tube.* — This I mention becaufe the European 
papers, on Electricity, frequently fpealc of rubbing the 
tube, as a fatiguing exercife. Our fpheres are fixed on 
iron axes, which pafs through them. At one end of the 



0ur tubes are made here of green glafs, 27 or 30 inches long, as big 
as can be grafped. Electricity is fo much in vogue, that above one hun- 
dred of them have been fold within thefe four months pail. 

D axis 



axis 




Mr B. F R A N K L I N’s 




1 8 

axis there is a fmall handle, with which we turn the fphere 
like a common grindftone. This we find very commodious, 
as the machine takes up but little room, is portable, and 
may be enclofed in a tight box, when not in ufe. 'Tis true, 
the fphere does not turn fo fwift, as when the great wheel 
is ufed : but fwiftnefs we think of little importance, fince 
a few turns will charge die phial, &c. diffidently. 

I am, &c. 

B. FRANKLIN, 
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letter ni. 



from 

Mr Benj. Franklin, in Philadelphia , 

T O 

Mr Peter Collinson, F. R. S. London . 




Farther Experiments and Observations 

in ELECTRICITY. 

SIR, I 74 8 * 

§ j. MpHERE will be the fame explofion and fhock, 
JL if the electrified phial is held in one hand by the 
hook, and the coating touch’d with the other, as when 
held by the coating, and touch’d at the hook. 

2. To take the charg’d phial fafely by the hook, and 
not at the fame time diminifh its force, it muft firft be fet 
down on an ele&ric per fe. 

3. The phial will be eledtrified as ftrongly, if held by 
the hook, and the coating apply’d to the globe or tube ; 
as when held by the coating, and the hook apply’ d. 

D 2 4. But 
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4. But the direction of the eledrical fire being different 
in the charging, will alfo be different in the explofion. 
The bottle charged thro’ the hook, will be difcharged thro’ 
tne hook ; the bottle charged thro-’ the coating, will be dif- 
charged thro’ the coating,, and not other ways : for the fire 
muff come out the fame way it went in. 

5 - prove this ; take two bottles that were equally 
charged thro’ the hooks, one in each hand ; bring their 
hooks near each other, and no fpark or fhock will follow j 
becaufe each hook is difpofed to give fire, and neither to 
receive it. Set one of the bottles down on glafs, take it up 
by the hook, and apply its coating to the hook of the other 5 
then there will be an explofion and fliock, and both bot- 
tles will be difcharged; 

6. Vary the experiment, by charging two phials 'equally, 
one thro’ the hook, the other thro’ the coating : hold that 
by the coating which was charged thro’ the hook ; and 
that by the hook which was charg’d thro’ the coating : ap- 
ply the hook of the firft to the coating of the other, and 
there will be no fliock or fpark. Set that down on glafs 
which you held by the hook, take it up by the coating, 
and bring the two hooks together : a fpark and fliock will 
follow, and both phials be difcharged. 

In this experiment the bottles are totally difcharged, or 
the equilibrium within them reftored. The abounding of 
fire in one of the hooks (or rather in the internal furface of 
one bottle) being exadtly equal to the 'wanting of the other : 
and therefore, as each bottle has in itfelf the abounding as 

well 
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well as the ■wanting, the wanting and abounding mu ft be 
equal in each bottle. See §. 8. 9. - 0 , ■ I- But .f a man 
holds in his hands two bottles, one fully eleftr.fy d, th 
other not at all, and brings their hooks together, he has 

c„. n.if , tbock. and the bottles will both reman half 



half charged. 

7. Place two phials equally charged on a table at nvc 01 
fix inches diftance. Let a cork-ball, fufpended by a iilk 
thread, hang between them. If the phials were both 
charged through their hooks, the cork, when it has been 
attracted and repell’d by the one, will not be atti acted, but 
equally repelled by the other. But if the phials were charg- 
ed, th e "on e through the hook, and the other * through the 
coating, the ball, when it is repelled from one hook, will 
be as ftrongly attracted by the other, and play vigoroully 
between them, ’till both phials are nearly difcharged. 

8. When, we ufe the terms of charging and difcharging 
the phial, ’tis in compliance with cuftom, and for want of 
others more fuitable. Since we are of opinion, that there 
is really no more electrical fire in the phial after what is 
called its charging , than before, nor lefs after its difcharging-, 
excepting only the frnall fpark that might be given to, 
and taken from, the non-eledtric matter, if feparated from 



T r a j £ ■ . . v uuuu 6 ,J llJC idling, piace iron a 

glafs ltand ; form acommunication from the prime condu&or to the coating 
and another from the hook to the wall or floor. When it is charged re- 
move the latter communication before you take hold of the bottle' 7 ' other- 
wife great part of the fire will efcape by it, 
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the bottle, which fpark may not be equal to a five hun- 
dredth part of what is called the explofion. 

For if, on the explofion, the electrical fire came out of 
the bottle by one part, and did not enter in again by ano- 
ther j then, if a man handing on wax, and holding the 
bottle in one hand, takes the fpark by touching the wire 
hook with the other, the bottle being thereby difcharged, 
the man would be charged j or whatever fire was loll by 
one, would be found in the other, lince there is no way 
lor its efcape : But the contrary is true. 

9. Belides the phial will not fuffer what is called a char- 
giag, unlefs as much fire can go out of it one way, as is 
thrown in by another. A phial cannot be charged Hand- 
ding on wax or glafs, or hanging on the prime cuiiductor, 
unlefs a communication be form’d between its coating and 
the floor. 

10. But fufpend two or more phials on the prime con- 
ductor, one hanging to the tail of the other j and a wire 
from the laft to the floor, an equal number of turns of the 
wheel lhall charge them all equally, and every one as 
much as one alone would have been. What is driven out 
at the tail of the find, ferving to charge the fecond ; what 
is driven out of the fecond charging the third j and fo on. 
By this means a great number of bottles might be charged 
with the fame labour, and equally high, with one alone, 
were it not that every bottle receives new fire, and lofes 
its old with fome reluCtance, or rather gives fome fmall re- 
finance to the charging, which in a number of bottles be- 



comes 
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comes more equal to the charging power, and fo repels the 
fire back again on the globe, fooner than a Angle bottle 
would do. 

11. When a bottle is charged in the common way, its 
infide and outfide furfaces Hand ready, the one to give fire 
by the hook, the other to receive it by the coating ; the 
one is full, and ready to throw out, the other empty and 
extremely hungry ; yet as the firfl will not give out , unlefs 
the other can at the fame inftant receive in ; fo neither W'ill 
the latter receive in, unlefs the firfl can at the fame inftant 
give out. When both can be done at once, ’tis done with 
inconceivable quicknefs and violence. 

12. So a flrait fprlng (tho’ the comparifon does not a- 
gree in every particular) when forcibly bent, mufl, to reflore 
itfelf, contrad that fide which in the bending was extended, 
and extend that which was contracted ; if either of thefe 
two operations be hindered, the other cannot be done. 
But the fpring is not faid to be charg'd with elaflicity when 
bent, and difcharg d when unbent - } its quantity of elafli- 
city is always the fame. 

13. Glafs, in like manner, has, within its fubflance 
always the fame quantity of eleClrical fire, and that a very 

great quantity in proportion to the mafs of glafs, as ihall.be 
Ihewn hereafter. 



though tt will fuffer a change to be ma de in parts " j 
fitua„on ; /. r. we may take away part of it fronT one 

of 




of the fides, provided we throw an equal quantity into 
the other. 

15. Yet when the fituation of the electrical fire is thus 
altered in the glafs ; when fome has been taken from one 
fide, and fome added to the other, it will not be at reft or 
in its natural ftate, till ’tis reftored to its original equality. — 
And this reftitution cannot be made through the fubftance 
of the glafs, but muft be done by a non-electric communi- 
cation formed without, from furface to furface. 

16. Thus, the whole force of the bottle, and power of 
giving a {hock, is in the glass itself ; the non-electrics 
in contract with the two furfaces, ferving only to give and 
receive to and from the feveral parts ot the glafs ; that is, to 
give on one fide, and take away from the other. 

1 7. This was difcovered here in the following manner. 
Purpofing to analyfe the electrified bottle, in order to find 
wherein its ftrength lay, we placed it on glafs, and drew 
out the cork and wire which for that purpofe had been 
loofely put in. Then taking the bottle in one hand, and 
bringing a finger of the other near its mouth, a ftrong fpark 
came from the water, and the fhock was as violent as if the 
wire had remained in it, which fhewed that the force did 
not lie in the wire. Then to find if it refided in the water, 
being crouded into and condenfed in it, as connfi d by the 
glafs, which had been our former opinion, we ele&rifyd 
the bottle again, and placing it on glafs, drew out the wire 
and cork as before ; then taking up the bottle we decanted 
all its water into an empty bottle, which likewife ftood on 
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glafs , ana .aking up ** f £ 

there was none. We j g ^ bottle. The latter 

l0ft r in ^etr-feX^ottle on trial gave the {hock, 
we found to be u • lin ele<trified water 

property merely 'as glafs, or whether the form contributed 
L/thtog to it , we took a pane of falh-glafs, and laying 
it on the Hand, placed a plate of lead on its uppet nr ace , 
then elearify'd that plate, and bringing a finger to it, there 
was a fpark and (hock. We then took two plates o. lead 
of equal dimenfions, but by two inches 

every and electrified the glafs between them, y 

electrifying the uppermoft lead ; then feparated the 
glafs from the lead, in doing which, what little fire 
might be in the lead was taken out and the glafs be- 
ing touched in the electrified parts with a finger, af- 
forded only very fmall pricking fparks, but a great 
number of them might be taken from different places. 
Then dexteroufly placing it again between the leaden 
plates, and compleating a circle between the two furfaces, 
a violent (hock enfued. — Which demonftrated the power 
to refide in glafs as glafs, and that the non-electrics in con- 
tact ferved only, like the armature of a loadftone, to unite 
the force of the feveral parts, and bring them at once to any 
point defired : it being a property of a non-electric, that 

E the 
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the whole body inflantly receives or gives what eledtrical 
fire is given to or taken from any one of its parts. 

18. Upon this, we made what we call’d an elettrical- 
battery , confifting of eleven panes of large fafh-glafs, arm’d 
with thin leaden plates palled on each fide, placed verti- 
cally, and fupported at two inches diftance on filk cords, 
with thick hooks of leaden wire, one from each fide, 
Handing upright, diftant from each other, and convenient 
communications of wire and chain, from the giving fide of 
one pane, to the receiving fide of the other j that fo the 
whole might be charged together, and with the fame la- 
bour as one fingle pane ; and another contrivance to bring 
the giving fides, after charging, in contact with one long- 
wire, and the receivers with another, which two long 
wires would give the force of all the plates of glafs at once 
through the body of any animal forming the circle with 
them. The plates may alfo be difcharged feparately, or 
any number together that is required. But this machine 
is not much ufed, as not perfectly anfwering our intention 
with regard to the eafe of charging, for the reafon 
given § 10, We made alfo of large glafs panes, magical 
pictures, and felf-moving animated wheels, prefently to be 
defcribed. 

19. I perceive by the ingenious Mr Watforis laft book, 
lately received, that Dr Bevis had ufed, before we had, 
panes of glafs to give a fhock ; though, till that book came 
to hand, I thought to have communicated it to you as a 
novelty. The excufe for mentioning it here, is, that we 

tried 
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. differently, drew different confequen- 
tried the fee ms to think tire fire 

“ S ^ do, the non-Aehrk that is in contaft with the 
3£££) and, as far as we hitherto know, have car- 

,k to The magical piaure is made thus. Having a large 

p “ I S a L* and glafs, <f * KlN0 > 

S We” him) take out the print, and cut a pan- 
id „ ut of. it, near two inches diftant from the frame all 
round. If the cut is through the piaure » not the worfe 
With thin pafte or gum-water, fix the border that is cn o 
ontheinfide of the glafs, prcifimg it imooth .andclo e , 
then fill up the vliBy by gilding die glafs well with leaf 
trold oi brafs. Gild likewife the inner edge of the back of 
the frame all round except the top part, and form a com- 
munication between that gilding and the gilding behind 
the glafs : then put in the board, and that fide is finifhed. 
Turn up the glafs, and gild the fore fide exactly over the 
back gilding, and when it is dry, cover it by palling on 
the pannel of the picture that had been cut out, obferving 
to bring the correlponding parts of the border and picture 
together, by which the picture will appear of a piece as at 
firfl, only part is behind the glafs, and part before. — Hold 
the picture horizontally by the top, and place a little 
moveable gilt crown on the king’s-head. If now the pic- 
ture be moderately electrified, and another perfon take hold 
of the frame with one hand, fo that his fingers touch its 
infide gilding, and with the other hand endeavour to take 

E 2 off 
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off the crown, he will receive a terrible blow, and fail in 
the attempt. If the picture were highly charged, the con- 
fequence might perhaps be as fatal as that of high-treafon ; 
for when the fpark is taken through a quire of paper laid 
on the piCtuie,by means of a wire communication, it makes 
a fair hole through every fheet, that is, through 48 leaves, 
(though a quire of paper is thought good armour againft 
the pufli of a fword or even againft a piftol bullet) and 
the crack is exceeding loud. The operator, who holds the 
picture by the upper-end, where the infxde of the frame 
is not gilt, to prevent its falling, feels nothing of the fhock, 
and may touch the face of the picture without danger, 
which he pretends is a teft of his loyalty. — If a ring 
of perfons take the fliock among them, the experiment 
is called, The Confpirators. 

21. On the principle, in § 7, that hooks of bottles, dif- 
ferently charged, will attract and repel differently, is made 
an electrical wheel, that turns with confiderable ftrenenh. 
A fmall upright lhaft of wood paffes at right angles through 
a thin round board, of about twelve inches diameter, and 
turns on a fharp point of iron fixed in the lower end, while 
a ftrong wire in the upper-end pafling thro’ a fmall hole 
in a thin brafs plate, keeps the lhaft truly vertical. About 
thirty radii of equal length, made of falh glafs cut in nar- 
row ftrips, iffue horizontally from the circumference of the 
board, the ends moft diftant from the center being about 
four inches apart. On the end of every one, a brafs thim- 
ble is fixed. If now the wire of a bottle electrified in the 

common 
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common way, be brought near the encumference of th 

wheel, it will attraft the neareft thimble, and fo put 
wheel in motion ; that thimble, in faffing by, receives a 
fpark, and thereby being eleCtrified is repelled and fo dri- 
ven forwards ; while afecond being attracted, approaches 
the wire, receives a fpark, and is driven after the firft, and 
fo on till the wheel has gone once round, when the thim- 
bles before electrified approaching the wire, inftead of oeing 
attracted as they were at firft, are repelled, and the motion 
prefently ceafes. — But if another bottle which had been 
charged through the coating be placed near the fame 
wheel, its wire will attract the thimble repelled by the 
firft, and thereby double the force that carries the wheel 
round ; and not only taking out the fire that had been 
communicated to the thimbles by the firft bottle, but even 
robbing them of their natural quantity, inftead of being re- 
pelled when they come again towards the firft bottle, they 
are more ftrongly attracted, fo that the wheel mends its 
pace, till it goes with great rapidity twelve or fifteen rounds 
in a minute, and with fuch ftrength, as that the weight of 
one hundred Spanijh dollars with which we once loaded 
it, did not feem in the leaft to retard its motion. — This is 
called an eleCtrical jack ; and if a large fowl were fpitted on 
the upright fhaft, it would be carried round before a fire 
with a motion fit for roaftino-. 

22. but tiiis wheel, like thofe driven by wind, water, or 
weights, moves by a foreign force, to wit, that of the bot- 
The felf-movmg wheel, though conftruCled on the 

fame 



ties 




mmmmam 



30 Mr B. FRANKLIN ’s 

fame principles, appears more furprifing. ’Tis made of a 
thin round plate of window-glafs, feventeen inches diame- 
ter, well gilt on both ftdes, all but two inches next the 
edge. Two fmall hemifpheres of wood are then fixed 
with cement to the middle of the upper and under fides, 
centrally oppofite, and in each of them a thick drong wire 
eight or ten inches long, which together make the axis of 
the wheel. It turns horizontally on a point at the lower 
end of its Axis, which reds on a bit of brafs cemented 
within a glafs falt-celler. The upper end of its axis paffes 
thro’ a hole in a thin brafs plate cemented to a long drong 
piece of glafs, which keeps it fix or eight inches didant 
from any non-ele&ric, and has a fmall bal l of wa x or me- 
tal on its top to keep in the fire. In a circle on the table 
which fupports the wheel, are fixed twelve fmall pillars of 
glafs, at about four inches didance, with a thimble on the 
top of each. On the edge of the wheel is a fmali leaden 
bullet communicating by a wire with the gilding of the up- 
per furface of the wheel ; and about fix inches from it is 
another bullet communicating in like manner with the 
under furface. When the wheel is to be charged by thu 
upper furface, a communication muft be made from the 
under furface to the table. When if is well charg’d it be- 
gins to move ; the bullet neared to a pillar moves towards 
the thimble on that pillar, and paffing by electrifies it and 
then pufhes itfelf from it ; the fucceeding bullet, which 
communicates with the other furface of the glafs, moiv 
drongly attracts that thimble on account of its being ^bc- 
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fore electrified by the other bullet; and thus the wheel en- 
creafes its motion till it comes to fuch a height as that the 
refidance of the air regulates it. It will go half an hour, 
and make one minute with another twenty turns in a mi- 
nute, which is fix hundred turns in the whole ; the bul- 
let of the upper furface giving in each turn twelve fparks, 
to the thimbles, which make feven thoufand two hun- 
dred fparks ; and the bullet of the under furface receiving 
as many from the thimbles ; thofe bullets moving in the 
time near two thoufand five hundred feet. — The thim- 
bles are well fixed, and in fo exacd a circle, that the bul- 
lets may pafs within a very fmall didance of each of 
them. — If indead of two bullets you put eight, four com- 
municating with the upper furface, and four with the un- 
der furface, placed alternately ; which eight, at about fix 
inches didance, compleats the circumference, the force and 



turns in a minute ; but then it will not continue moving fo 
long. — Thefe wheels may be applied, perhaps, to the 
ringing of chimes, and moving of light-made Orreries. 

2 3- ^ fmali wiie bem circularly with a loop at each 
end ; let one end red againd the under furface of the 
wheel, and bring the other end near the upper furface 

it will give a terrible crack, and the force will be 
dilcharged. 

24. Every fpark in that manner drawn from the furface 
of * c wheel, makes a round hole in the gilding, tori „ g 
off a part of tt in coming out , which flxewa that the fire 
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is not accumulated on the gilding, but is in the glafs 
itfelf. 

25. The gilding being varnifn’d over with turpentine 
varnifh, the varnifh tho’ dry and hard, is burnt by the fpark 
drawn thro’ it, and gives a ftrong fmell and vifible fmoke. 
And when the fpark is drawn through paper, all round the 
hole made by it, the paper will be blacked by the fmoke, 
which fometimes penetrates feveral of the leaves. Part 
of the gilding torn off, is alfo found forcibly driven into 
the hole made in the paper by the ftroke. 

26. ’Tis amazing to obferve in how fmall a portion of 
glafs a great elcCtrical force may lie. A thin glafs bubble, 
about an inch diameter, weighing only fix grains, being 
half-filled with water, partly gilt on the outfide, and fur- 
hifli’d with a wire hook, gives, when electrified, as great 
a {hock as a man can well bear. As the glafs is thickeft 
near the orifice, I fuppofe the lower half, which being gilt 
was electrified, and gave the {hock, did 1 it exceed two 
grains ; for it appeared, when broke, much thinner than 
the upper half. — If one of thefe thin bottles be electrified 
by the coating, and the fpark taken out thro’ the gilding, 
it will break the glafs inwards at the fame time that it 

breaks the gilding outwards. 

27. And allowing (for the reafons before given, § 8, 9, 

10,) that there is no more eleCtrical fire in a bottle after 

charging, than before, how great muft be the quantity in 

this fmall portion of glafs ! It feems as if it were of its ve.y 

fubftance and offence. Perhaps if that due quantity of 

electrical 
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feparated from > , iidenefs, or i ts elafficity. — 

Experi^.s 1 ’ may C poffi% * inv “ Kd " “' 

C °ly We are furprized at the account given in Mr Wai- 
/5,,’s book, of a (hock communicated through a great fpace 
of dry ground, and fufpeft there muft be fome metahne 
quality in the gravel of that ground , havmg found tna 
Simple dry earth, rammed in a glafs tube, open at hot 
ends, and a wire hook inferted in the earth at each end, the 
earth and wires making part of a circle, would not con- 
dud the lead perceptible {hock, and indeed when one 
wire was eleftrify’d, the other hardly Ihowed any figns of 
its being in connection with it. — Even a thoroughly 
wet pack-thread fometimes fails of conducting a fhock, 
tho’ it otherwife conduCts electricity very well. A dry 
cake of ice, c 1 icicle held between two in a circle, like- 
wife prevents the {hock ; which one would not expeCt, as 
water conduCts it fo perfectly well. — Gilding on a new 
book, though at fir ft it conduCts the fhock extremely well, 
yet fails after ten or a dozen experiments, though it ap- 
pears otherwife in all refpeCts the fame, which we cannot 
account for. 

28. There is one experiment more which furprizes us, 
and is not hitherto fatisfaCtorily accounted for ; it is this. 
Place an iron fhot on a glafs ftand, and let a ball of damp 
cork, fufpended by a filk thread, hang in contaCt with the 

F {hot 



34 



Mr B. FRANKLIN’s 

fhot. Take a bottie in each hand, one that is ele&rify’d 
through the hook, the other through the coating : Apply 
tn '- § 1V >n § wire to the (hot, which will eledtrify it pojitive- 
!y, and the cork fhall be repelled : Then apply the requir- 
ing wire, which will take out the fpark given by the other;, 
when the cork will return to the fhot : Apply the fame 
again, and take out another fpark, fo will the fhot be elec- 
trify’d negatively ; and the cork in that cafe fhall be repel- 
led equally as before. Then apply the giving wire to the 
fhot, and give the fpark it wanted, fo will the cork return : 
Give it another, which will be an addition to its natural 
quantity, fo will the cork be repelled again : And fo may 
the experiment be repeated as long as there is any charge 
in the bottles. Which fhews that bodies having lefs than 
the common quantity of Electricity, repel each other, as- 
well as thofe that have more. 

Chagrined a little that we have hitherto been able to 
produce nothing in this way of ufe to mankind ; and the 
hot weather coming on, when electrical experiments are 
not fo agreeable, ’tis propofed to put an end to them for 
this feafon, fomewhat humoroufly, in a party of pleafure, 
on the banks of SkuylkillA Spirits, at the fame time, are 
to be fired by a fpark fent from fide to fide through the 
river, without any other conductor than the water ; an 
experiment which we fome time fince performed, -to the 

* The river that wafhes one fide of Philadelphia, as the Delaware does 
the other ; both are ornamented with the fummer habitations, of the citi- 
zens, and the agreeable rnanfions of the principal people of this colony. 
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letter IV. 

CONTAINING 
OBSERVAT I ONS and SUPPOSITIONS, 

towards forming a new Hypothesis, for ex- 
plaining the fever al Phenomena of Thun- 
der-Gusts.* 




SIR, 

'On-electric bodies, that have electric 
fire thrown into them, will retain it ’till 
other non-eleCtrics, that have lefs, ap- 
proach ; and then ’tis communicated by a fnap, and be- 
comes equally divided. 

2 . Electrical fire loves water, is ftrongly attracted by it, 
and they can fubfift together. 

3. Air is an eleCtric per fe , and when dry will not con- 
duct the electrical fire j it will neither receive it, nor give 

* Thunder-gufts are fudden ftorms of thunder and lightning, which 
are frequently of fhort duration; but fometimes produce mifchievous 
effedts. 

it 
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it Other bodies , otherwife no body grounded by air 
could be eleariiied pofitively and negatively : for Ihould it 
be attempted pofitively, the air would immediately take 
away the overplus i or negatively, the air would fupply 
what was wanting. 

, 4. Water being eledrified, the vapours arifing from it 
jvill be equally electrified ; and floating in the air, in the 
form of clouds, or otherwife, will retain that quantity of 
eleCtrical fire, till they meet with other clouds or bodies 
not fo much electrified, and then will communicate as be- 
forementioned. 

5. Every particle of matter eleCtrified is repelled by 
every other particle equally eleCtrified. Thus the ftream 
of a fountain, naturally denfe and continual, when eleCtri- 
fied, will feparate and fpread in the form of a brufh, every 
drop endeavouring to recede from every other drop. But 
on taking out the eleCtrical fire, they clofe again. 

6. Water being ftrongly eleCtrified (as well as when 
heated by common fire) rifes in vapours more copioufly ; 
the attraction of cohefion among its particles being greatly 
weakened, by the oppofite power of repulfion introduced 
with the eleCtrical fire ; and when any particle is by any 
means difengaged, ’tis immediately repelled, and fo flies 
into the air. 

7. Particles happening to be fituated as A and B, are 
more eafily difengaged than C and D, as each is held by 
contaCt with three only, whereas C and D are each in 
contact with nine. When the furface of water has the 

leaft. 
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leaft motion, particles are continually puflied into the 

-A J 1 

fituation reprefented byJFiG. 6. 

8. Fridion between a non-eledric and an eledric per 
will produce electrical fire ; not by creating , but collecting 
it: for it is equally diffufed in our walls, floors, earth, and 
the whole mafs of common matter. Thus the whirling 
glafs globe, during its fridion againfl: the cufliion, draws 
fire from the cufliion, the cufliion is fupplied from the 
frame of the machine, that from the floor on which it 
hands. Cut off the communication by thick glafs or wax 
placed under the cufliion, and no fire can be produced , he- 
caufe it cannot be collected. 

9. The Ocean is a compound of water, a non-eledric, 
and fait an eledric per fe. 

.10. When there is a fridion among the parts near its 
furface, the eledrical fire is colleded from the parts below. 
It is then plainly vifible in the night ; it appears at the 
hern and in the wake of every failing veflel ; every dafli 
of an oar fliows it, and every furff and fpray : in horms the 
whole fea feems on fire. — The detach ’d particles of water 
then repelled from the eledrified furface, continually car- 
ry off the fire as it is colleded ; they rife, and form clouds, 
and thofe clouds are highly eledrified, and retain the fire 
’till they have an opportunity of communicating it. 

1 1 . The particles of water rifing in vapours, attach 

themfelves to particles of air. 

1 2. The particles of air are faid to be hard, round, fepa- 

j-ate and diftant from each other 5 every particle ftrongly 

repelling 
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repelling every other particle, whereby they recede from 
each other, as far as common gravity will permit. 

j tyhe fpace between any three particles equally re- 
pelling each other, will be an equilateral triangle. 

,4. In air compreffed, thefe triangles are fmaller j 111 

rarified Air they are larger. 

15. Common fire joined with air, increafes the repul- 
fion, enlarges the triangles, and thereby makes the air fpe- 
cifically lighter. Such Air among denfer air, will rife. 

16. Common fire, as well as electrical fire gives repul- 
fion to the particles of water, and deffroys their attradion 
of cohefion ; hence common fire, as well as electrical fire, 
aflifts in railing vapours. 

i j. Particles of water, having no fire in them, mutually 
attrad each other. Three particles of water then being 
attached to the three particles of a triangle of air, would by 
their mutual attradion operating againfl: the air’s repulfion, 
fhorten the fides and leflen the triangle, whereby that 
portion of air being made denfer, would fink to the earth 
with its water, and not rife to contribute to the formation 
of a cloud. 

18. But if every particle of water attaching itfelf to air,, 
brings with it a particle of common fire, the repulfion of 
the air being afiifted and ftrengthened by the fire, more 
than obftruded by the mutual attradion of the particles of 
watei, the tiiangle dilates, and that portion ot air becom- 
ing rarer and fpecifically lighter rifes. 

19 If the particles of water bring eledrical fire when 

they 
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they attach themfelves to air, the repulfion between the 
particles of water electrified, joins with the natural repul- 
lion of the air, to force its particles to a greater diftance, 
whereby the triangles are dilated, and the air rifes, carry- 
ing up with it the water. 

20. If the particles of water bring with them portions 
of both forts of fire, the repulfiontf of the particles of air is 
ftill more ftrcngthened and increafed, and the triangles 
farther enlarged. 

21. One particle of air may be furrounded by twelve 
particles of water of equal fize with itfelf, all in contact 
with it > and by more added to thofe. 

22. Particles of air thus loaded would be drawn nearer 
together by the mutual attraction of the particles of water, 
did not the fire, common or eleCtrical, aflift their re- 
pulfion. 

23. If air thus loaded be comprefled by adverfe winds, 
or by being driven againft mountains, &c. or condenfed 
by taking away the fire that aflifted it in expanding ; the 
triangles contraCt, the air with its water will defcend as a 
dew j or, if the water furrounding one particle of air comes 
in contaCt with the water furrounding another, they coa- 
lefce and form a drop, and we have rain. 

24. The fun fupplies (or feems to fupply) common fire 
to all vapours, whether raifed from earth or fea. 

25. Thofe vapours which have botli common and elec- 
trical fire in them, are better fupported, than thofe which 
have only common fire in them. For when vapours- rife 
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into the coldeft region above the earth, the cold will not 
diminifh the eleCtrical fire, if it doth the common. 

26. Hence clouds formed by vapours raifed from frefh 
waters within land, from growing vegetables, moifi earth, 
&c. more fpeedily and eafily depofite their water, having 
but little eleCtrical fire to repel and keep the particles fepa- 
rate. So that the greateft part of the water raifed from the 
land is let fall on the land again ; and winds blowing from 
the land to the fea are dry ; there being little ufe for rain 
on the fea, and to rob the land of its moifture, in order to 
rain on the fea, would not appear reafonable. 

27. But clouds formed by vapours raifed from the fea, 
having both fires, and particularly a great quantity of the 
eleCtrical, fupport their water ftrongly, raife it high, and 
being moved by winds may bring it over the middie of 
the broadeft continent from the middle of the wideffc ocean. 

28. How thefe ocean clouds, fo ftrongly fupporting 
their water, arc made to depofite it on the land where ’tis 
wanted, is next to be confidered. 

29. If they are driven by winds againft mountains, 
thofe mountains being lefs electrified attract them, and on 
contact take away their eleCtrical fire (and being cold, the 
common fire alfo ; ) hence the particles clofe towards the 
mountains and towards each other. If the air was not 
much loaded, it only falls in dews on the mountain tons 
and fides, forms fprings, anddefcends to the vales in rivu- 
lets, which united make larger firearm and rivers. If 
much loaded, the eleCtrical fire is at once taken from the 

^ whole- 
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whole cloud ; and, in leaving it, flafhes brightly and cracks 
loudly ; the particles inflantly coalefcing for want of that 
fire, and falling in a heavy fliower. 

30. When a ridge of mountains thus dams the clouds, 
and diaws the eledtncal fire from the cloud firft approach- 
ing it ; that which next follows, when it comes near the 
firfi: cloud, now deprived of its fire, flafhes into it, and be- 
gins to depofite its own water ; the firfi: cloud again flashing 
into the mountains ; the third approaching cloud, and 
all the fucceeding ones, acting in the fame manner as far 
back as they extend, which may be over many hundred 
miles of country. 

31. Hence the continual ftorms of rain, thunder, and 
lightning on the eaft-fide of the Andes % which running 
north and fouth, and being vaftly high, intercept all the 
clouds brought again!! them from the Atlantic ocean by 
the trade winds, and oblige them to depofite their waters, 
by which the vaft rivers Amazons , La Plata , and Oroonoko 
are formed, which return the water into the fame fea, after 
having fertilized a country of very great extent. 

32. If a country be plain, having no mountains to inter- 
cept the electrified clouds, yet is it not without means to 
make them depofite their water. For if an electrified 
cloud coming from the fea, meets in the air a cloud raifed 
from the land, and therefore not electrified ; the firfi: will 
flafh its fire into the latter, and thereby both clouds fhall 
be made fuddenly to depofite water. 

33. The eledtrified particles of the firfi: cloud clofe 
when they lofe their fire ; the particles of the other cloud 

clofe 
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clofe in receiving it : in both, they have thereby an opportu- 
ne of coalefcing into drops.-The concuffion or jerk given 
to 'the air, contributes alfo to {hake down the water, not 
only from thofe two clouds but from others near them. 
Hence the fudden fall of rain immediately after flafhes of 
lightning. 

34. To {hew this by an eafy experiment. Take two 
round pieces of pafteboard two inches diameter ; from the 
center and circumference of each of them fufpend by 
fine filk threads eighteen inches long, feven fmall balls of 
wood, or feven peas equal in bignefs ; fo will the balls ap- 
pending to each pafteboard, form equal equilateral trian- 
gles, one ball being in the center, and fix at equal diftances 
from that, and from each other ; and thus they reprefent 
particles of air. Dip both fets in water, and fome cohering 
to each ball they will reprefent air loaded. Dexteroufly 
electrify one fet, and its balls will repel each other to a 
greater diftance, enlarging the triangles. Could the water 
fupported by the feven balls come into contact, it would 
form a drop or drops fo heavy as to break the cohe- 
fion it had with the balls, and fo fall. — Let the two fets 
then reprefent two clouds, the one a fea cloud electrified, 
the other a land cloud. Bring them within the fphere of 
attraction, and they will draw towards each other, 
and you will fee the feparated balls clofe thus ; the firfi: 
electrified ball that comes near an unelectrified ball by 
attraction joins it, and gives it fire ; inflantly they fepa- 
rate, and each flies to another ball of its own party, one to 

G 2 gj ve 
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give, the other to receive firp • ^t^A c v 

both rets but fo quick as to be in a manner hSnrous 

3 J- Thus when fea and land clouds would pafs at too 
great a diftance for the Hath, they are attraflfd towards 

- 0t | ” 1111 Widl ' n ,hat diftance s for the fphere of e- 
ectrical attraffion is far beyond the diftance of flafliing. 

36. When a great number of clouds from the fea meet 
a number of clouds raifed from the land, the elearical 

alhes appear to ftrike in different parts ; and as the 
clouds are jollied and mixed by the winds, 0 r brought 
near by the elearical attraflion, they continue to give Tnd 

receive flalli after flalh, till the elearical fire is equally 
diffufed. 

37. When the gun-barrel (in eleCtrical experiments) 
has but little electrical fire in it, you muft approach it very 
near with your knuckle, before you can draw a fpark. 
Give it more fire, and it will give a fpark at a greater dif- 
tance. Two gun-barrels united, and as highly electrified, 
will give a fpark at a fiill greater diftance. But if two 
gun-barrels electrified will ftrike at two inches diftance, 
and make a loud fnap, to what a great diftance may 
10,000 acres of electrified cloud ftrike and give its fire, 
and how loud muft be that crack ! 

38. It is a common thing to fee clouds at different 
heights pafiing different ways, which fhews different cur- 
rents of air, one under the other. As the air between the 

tropics 
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Polar regions, if it bus no opporiumty 



before, that the circulation may be earned on. 

As currents of air, with the clouds therein, pa* ef- 
ferent ways, 'tis cafy to conceive how the clouds, pa ing 
over each other, may attraa each other, and fo come near 
enough for the elearical ftroke. And alfo how ekancal 
clouds may be carried within land very far from the fea. 



before they have an opportunity to ftrike. 

40. When the air, with its vapours raifed from the o- 
cean between the tropics, comes to defeend in the polar 
regions, and to be in contaCl with the vapours arifing 
there, the eleCtrical fire they brought begins to be com- 
municated, and is feen in clear nights, being firft vifible 
where ’tis firft in motion, that is, where the contaCl be- 
gins, or in the moft northern part ; from thence the 
ftreams of light feem to fhoot foutherly, even up to the 
zenith of northern countries. But tho’ the light feems to 
fhoot from the north foutherly, the progrefs of the fire is 
really from the fouth northerly, its motion beginning in 
the north being the reafon that ’tis there firft; feen. 

For the eleCtrical fire is never vifible but when in mo- 
tion, and leaping from body to body, or from particle to 
particle thro the air. When it paffes thro’ denfe bodies 
tis unieen. When a wire makes part of the circle, in the 
explofion of the eleCtrical phial, the fire, though in great 

quantity. 
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quantity paffes in the wire invifibly : but in paffingalon^ 
a cnam, it becomes vifible as it leaps from link to link. In 
paffing along leaf-gilding ’tis vifible : for the leaf-gold is 
mil of pores ; hold a leaf to the light and it appears like a 

nci » and the fire is feen in its leaping over the vacancies. 

And as when a long canal filled with fiill water is open- 
ed at one end, in order to be difcharged, the motion of the 
water begins firfl near the opened end, and proceeds to- 
tne ciole end, tho’ the water itfelf moves from the 
cloie towards the opened end : fo the eleCtrical fire dif- 
charged into the polar regions, perhaps from a thoufand 
leagues length of vaporiz’d air, appears firfl where ’tis firfl 
in motion, i. e. in the moll northern part, and the appear- 
ance proceeds fouthward, tho’ the fire really moves north- 
ward. This is fuppofed to account for the Aurora Bo- 
realis. 

41. When there is great heat on the land, in a particu- 
lar region (the fun having fhone on it perhaps feveral 
days, while the furrounding countries have been fcreen’d 
by clouds) the lower air is ratified and rifes, the cooler 
denfer air above defcends ; the clouds in that air meet 
from all fides, and join over the heated place ; and if fome 
are electrified, others not, lightning and thunder fucceed, 
and fhowers fall. Hence thunder-gulls after heats, and 
cool air after gulls ; the water and the clouds that bring 
it, coming from a higher and therefore a cooler region. 

42. An eledrical fpark, drawn from an irregular body 
at fome diltance is fcarce ever llrait, but Ihows crook- 
ed 
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ed and waving in the air. So do the dailies of lightning ; 

the clouds being very irregular bodies. 

43 . As electrified clouds pafs over a country, high 
hills and high trees, lofty towers, fpires, malls of llups, 
chimneys, &c. as fo many prominencies and points, draw 
the eleCtrical fire, and the whole cloud difcharges there. 

. 44. Dangerous, therefore, is it to take Ihelter under a 
tree during a thunder-gull.. It has been fatal to many, 
both men and bealts. 

45. It is fafer to be in the open field for another reafon. 
When the clothes are wet, if a flalh in its way to the 
ground Ihould llrike your head, it will run in the water 
over the furface of your body ; whereas, if your clothes 
were dry, it would go thro’ the body. 

Hence a wet rat cannot be killed by the exploding e— 
leCtrical bottle, when a dry rat may.. 

46. Common fire is in all bodies, more or lefs, as well 
as eleClrical fire. Perhaps they may be different modifi- 
cations of the fame element ; or they may be different ele- 
ments. The latter is by fome fufpeCted. 

47. If they are different things, yet they may and do 
fubfill together in the fame body. 

, 48. When eleCtrical fire ftrikes thro- a body, it aCts 
Upon the common fire contained in it, and puts that fire 
in motion ; and if there be a fufficient quantity of each 
kind of fire, the body will be inflamed. 

49. When the quantity of common fire in the body is 
nnall, the quantity of the eleCtrical fire (or the eleCtrical 

flroke) 
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ftrokc) fhoulcl be greater : if the quantity of common fire 
be great, lefs electrical fire fuffices to produce the effeCt. 

50. I nus Ipirits muft be heated before we can fire them 
by the eleCtrical fpark. If they are much heated a fmall 
fpark will do ; if not, the fpark muft be greater. 

5 * • Till lately we could only fire warm vapours : but 
now we can burn hard dry rofin. And when we can pro- 
cure greater eleCtrical fparks, we may be able to fire not 
only unwarm’d fpirits, as lightning does, but even wood, 
by giving fufficient agitation to the common fire contained 
in it, as friction we know will do. 

52. Sulphureous and inflammable vapours arifing from 
the earth, are eafily kindled by lightning. Befides what 
arife from the earth, fuch vapours are fent out by ftacks of 
moift hay, corn, or other vegetables, which heat and reek. 
Wood rotting in old trees or buildings does the fame. Such 
are therefore eafily and often fired. 

53. Metals are often melted by lightning, tho’ perhaps 
not from heat in the lightning, nor altogether from agi- 
tated fire in the metals. — For as whatever body can infi- 
nuate itfelf between the particles of metal, and overcome 
the attraction by which they cohere (as fundry menftrua 
can) will make the folid become a fluid, as well as fire, 
yet without heating it : fo the eleCtrical fire, or lightning, 
creating a violent repulfion between the particles of the 
metal it pafles thro’, the metal is fufed. 

54. If you would, by a violent fire, melt off the end of a 
nail, which is half driven into a door, the heat given the 

whole 
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" Z But if a fword can be melted in the fcab- 

ted. and money in a mans pocket by lightning, w.thout 
, • cr either it muft be a cold fufion. 

burning either, « -rh^ eleCtrical foark 

„ Lightning rends fome bodies. The eleCtrical iparK 

will ftrike a hole thro’ a quire of ftrong paper 

, 6 . If the fource of lightning, affigned in this paper be 
the true one, there fhould be little thunder heard at fea 
far from land. And accordingly fome old fea-captains, o 
whom enquiry has been made, do affirm, that the fad a- 
grees perfectly with the hypothefis ; for that, in crofting 
the great ocean, they feldom meet with thunder till they 
come into foundings -, and that the iflands far from the 
continent have very little of it. And a curious obferver, 
who lived 13 years at Bermudas , fays, there was lefs thun- 
der there in that whole time than he has fometimes heard 
fin a month at Carolina. 
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Mr. Peter Collinson, F.R.S. London. 

Phji.A8EI.PHIA, July 29, 1750 
s you firft pm us on ele&ical experiments, 
by lending to our library company a tube, 
with directions how to ufe it; and as our 
honourable proprietary enabled us to carry thofe experi- 
ments to a greater height, by his generous prelent of a 
compleat eleCtrical apparatus ; ’tis fit that both Ihould 
know from time to time what progrefs we make. It 
was in this view I wrote and fent you my former papers 
on this fubjeCt, defiring, that as I had not tire honour of 
a dired correfpondence with that bountiful benefactor to 
our library, they might be communicated to him through 
your hands. In the fame view I write, and fend you this 
additional paper. If it happens to bring you nothing 
new (which may well be, confidering the number of in- 
genious men in Europe, continually engaged in the fame 
reiearches) at Iealt it will Ihow, that the inllruments, 
put into our hands, are not negleCted ; and, that if no 
valuable difcoveries are made by us, whatever the caufe 
may be, it is not want of induftry and application. 

I am. Sir , 

Tour much obliged 
Humble Servant , 

B. FRANKLIN, 
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OPINIONS and CONJECTURES, 

Concerning the Properties and EffeSis of the e~ 
leElrical Matter , arifing from Experiments 
and Obfervations, made in Philadelphia, 1749. 

§ 1. /--W-SH E eleftrical matter confifts of particles 
extreamly fubtile, fince it can permeate 
-Ji— common matter, even the denfell metals, 
with fuch eafe and freedom, as not to receive any percep- 
tible refinance. 

2. If any one Ihould doubt, whether the eleCtrical mat- 
ter paffes thro’ the fubftance of bodies, or only over and 
along their furfaces, a Ihock from an electrified large 
glafs jar, taken thro his own body, will probably con- 
vince him. 

3. EleCtrical matter differs from common matter in 
this, that the parts of the latter mutually attraCt, thofe of 
the former mutually repel, each other/ Hence the ap- 
pearing divergency in a ftream of electrified effluvia. 

4. But tho’ the particles of eleCtrical matter do repel 

-ac other, they are ftrongly attracted by all other 
matter. * 

*Sse the ingenious eflayjoneleflrieity in the Tr„faaio„ s> byM, Ellicor. 
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5" From thefe three things, the extreme fubtilty of the- 
eleCtrical matter, the mutual repulfion of its parts, and the 
flrong attraction between them and other matter, arife this 
effeCt, that when a quantity of electrical matter, is ap- 
plied to a mafs of common matter, of any bignefs or length 
within our obfervation (which has not already got its 
quantity) it is immediately and equally diffufed through 
the whole. 

6. Thus common matter is a kind of fpunge to the 
eleCtrical fluid. And as a fpunge would receive no wa- 
ter, if the parts of water were not fmaller than the pores 
of the fpunge ; and even then but flowly, if there were 
not a mutual attraction between thofe parts and the parts 
of the fpunge ; and would ftill imbibe it fatter, if the 
mutual attraction among the parts of the water did not 
impede, fome force being required to feparate them ; and 
fafteft, if, inftead of attraction, there were a mutual repul- 
fion among thofe parts, which would aCt in conjunction 
with the attraction of the fpunge. So is the cafe between 
the eleCtrical and common matter. 

7. But in common matter there is (generally) as much, 
©f the eleCtrical, as it will contain within its fubftance. If 
more is added, it lies without upon the furface, and forms 
what we call an eleCtrical atmofphere ; and then the body 
is faid to be electrified. 

8. ’Tis fuppofed, that all kinds of common matter do 
not attraCt and retain the eleCtrical, with equal ftrength and 
force ; for reafons to be given hereafter. And that thofe 
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called dearies per/', as ghfc ^ * 

n l on-reit and contain the greateft quantity. 

" We know that the eleftrical fluid is ,n common 
J„ becauie we can pump it out by the globe or tube. 
We know that common matter has near as much as u can 
contain, becaufe, when we add a little more to any pro- 
tion of it, the additional quantity does not enter, but fo, ms 
an elearical atmofphere. And we know that common 
matter has not (generally) more than it can contain, otaer 
wife all loofe portions of it would repel each other, as 
they conftantly do when they have eleCtric atmofpheres. 

10. The beneficial ufes of this eleCtrical fluid in the 
creation, we are not yet well acquainted with, though 
doubtlefs fuch there are, and thofe very conflderable but 
we may fee fome pernicious confequences, that would at- 
tend a much greater proportion of it. For had this globe 
we live on as much of it in proportion, as we can give to a 
<dobe of iron, wood, or the like, the particles of duff and 
other light matters that get loofe from it, would, by virtue 
of their feparate eleCtrical atmofpheres, not only repel each 
other, but be repelled from the earth, and not eafily be 
brought to unite with it again ; whence our air would 
continually be more and more clogged with foreign mat- 
ter, and grow unfit for refpiration. This affords another 
occafion of adoring that wifdorn which has made all 
things by weight and meafure ! 

11. If a piece of common matter be fuppofed intirely 
free from eleCtrical matter, and a Angle particle of the 

latter 
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latter be brought nigh, Will be at, rafted and enter the 
body, and take place in the center, or tvherc the attr 

I'tl -T ^ ? qUal ' If « enter, they 
. ' C ' r P f a “ S " ere tile balance is equal between the 
ttraftron of the common matter and their own mutual 
repu lion. Tis fuppofed they form triangles, whofe ftdes 
horten as their number increafes ; ’till the common mat- 

C i ,l aS drawn m fo man ) r > that its whole power of com- 
preffing thofe triangles by attraction, is equal to their whole 
power of expanding themfelves by repulfion ; and then 
Will luch piece of matter receive no more. 

12. When part of this natural proportion of electrical 
1 md ’ 1S taken 0Ll£ a P^ce of common matter, the trian- 
gles formed by the remainder, are fuppofed to widen by 
the mutual repulfion of the parts, until they occupy the 
whole piece. 

13. When the quantity of electrical fluid taken from a 
piece of common matter is reftored again, it enters, the 
expanded triangles being again comprefled till there is 
room for the whole. 

14. To explain this: take two apples, or two balls of 
wood or other matter, each having its own natural quantity 
of the electrical fluid. Suipend them by filk lines from the 
ceiling. Apply the wire of a well-charged vial, held in 
j our hand, to one of them (Ay) Fig. 7. and it will receive 
from the wire a quantity of the electrical fluid ; but will 
not imbibe it, being already full. The fluid therefore will 
flow round its furface, and form an electrical atmofphere. 

Bring 
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Bring A into contact with B, and half the electrical fluid 
is communicated, fo that each has now an electrical at- 
mofphere, and therefore they repel each other. Take 
away thefe atmofpheres by touching the balls, and leave 
them in their natural date : then, having fixed a tick of 
fealing wax to the middle of the vial to hold it by, apply 
the wire to A, at the fame time the coating touches B. 
Thus will a quantity of the eledrical fluid be drawn out 
of B, and thrown on A. So that A, will have a redun- 
dance of this fluid, which forms an atmofphere round it, 
and B an exadly equal deficiency. Now bring thefe 
balls again into contad, and the eledrical atmofphere 
will not be divided between A and B, into two fmaller 
atmofpheres as before ; for B will drink up the whole at- 
mofphere of A, and both will be found again in their na- 
tural ftate. 

1 5. The form of the eledrical atmofphere is that of 
the body it furrounds. This fhape may be rendered 
vifible in a Jtill air, by raifing a fmoke from dry rofin, 
dropt into a hot tea-fpoon under the eledrifed body, 
which will be attraded and fpread itfelf equaly on all’ 
fides, covering and concealing the body. And this form 
it takes, becaufe it is attraded by all parts of the furface of 
the body, tho’ it cannot enter the fubftance aJready replete. 
Without this attradion it would not remain round the bo- 
dy, but diflipate in the air. 



more 
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more eafily drawn off from any one part of the fphere than 
from another, becaufe it is equally attracted by every part, 
But that is not the cafe with bodies of any other figure. 
I' r° m a cu ^ c is more eafily drawn at the corners than at 
the plane fides, and fo from the angles of a body of any 
other form, and ftill moft eafily from the angle that is 
moft acute. Thus if a body fhaped as A, B, C, D, E, in Fig. 8, 
be electrified, or have an eleCtrical atmofphere communi- 
cated to it, and we confider every fide as a bafe on which 
the particles reft and by which they are attracted, one 
may fee, by imagining a line from A to F, and another 
from E to G, that the portion of the atmofphere included 
in F, A, E, G, has the line A, E, for its bafis. So the por- 
tion of atmofphere included in H, A, B, I, has the line 
A, B, for its bafis. And likewife the portion inclu- 
ded in K, B, C, L, has B, C, to reft on ; and fo 
on the other fide of the figure. Now if you would 
draw off this atmofphere with any blunt fmooth body, 
and approach the middle of the fide A, B, you muft come 
very near before the force of your attraCter exceeds the 
force or power with which that fide holds its atmofphere. 
But there is a fmall portion between I,B,K, that has lefs of 
the furfaceto reft on, and to be attracted by, than the neigh- 
bouring portions, while at the fame time there is a mutual 
repulfion between its particles and the particles of thofe por- 
tions, therefore here you can get it with more eafe or at a 
greater distance. Between F, A, H, there is a larger por- 
tion that has yet a lefs furface to reft on and to attract it 3 
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here therefore you can get it away ftill more eafily. But 
eafteft of all between L, C, M, where the quanttty ts to- 
-eft, and the furface to attraCl and keep it back the leaft. 
When you have drawn away one of thefe angular porti- 
ons of the fluid, another fucceeds in its place, from the 
nature of fluidity and the mutual repulfion beforcmention- 
ed ; and fo the atmofphere continues flowing off at fuch 
angle, like a ftream, till no more is remaining. The ex- 
tremities of the portions of atmofphere over thefe angular 
parts are likewife at a greater diftance from the eleCti ified 
body, as may be feen by the infpeCtion of the above figuie ; 
the point of the atmofphere of the angle C, being much 
farther from C, than any other part of the atmofphere over 
the lines C, B, or B, A : And befides the diftance arifing 
from the nature of the figure, where the attraction is lefs, 
the particles will naturally expand to a greater diftance by 
their mutual repulfion. On thefe accounts we fuppofe e- 
leCtrified bodies difeharge their atmofpheres upon unelec- 
trified bodies more eafily and at a greater diftance from 
their angles and points than from their fmooth fides. — 
Thofe points will alfo difeharge into the air, when the bo- 
dy has too great an eleCtrical atmofphere, without bring- 
ing any non-eleCtric near, to receive what is thrown off : 
For the air, though an eleCtric per fe, yet has always more 
or lefs water and other non-eleCtric matters mixed with it 3 
and thefe attraCt and receive vvhat is fo difeharged. 

1 7. But points have a property, by which they draw on 
as well as throw off the eleCtrical fluid, at greater diftances 

^ . than 




58 Mr B. FRANKLIN’s 

than blunt bodies can. That is, as the pointed part of an 
electrified body will difcharge the atmofphere of that bo- 
dy, or communicate it fartheft to another body, fo the 
point of an uneleCtrified body, will draw off the electrical 
atmofphere from an electrified body, farther than a blunter 
part of the fame uneleCtrified body will do. Thus a pin 
held by the head, and the point prefented to an electrified 
body, will draw off its atmofphere at a foot difiance r 
where if the head were prefented inftead of the point, no 
fuch effeCt would follow. To underfland this, we may 
confider, that if a perfon flanding on the floor would 
draw off the electrical atmofphere from an electrified bo- 
dy, an iron crow and a blunt knitting kneedle held alter- 
nately in his hand and prefented for that purpofe, do not 
draw with different forces in proportion to their different 
maffes. For the man, and what he holds in his hand, be 
it large or fmall, are connected with the common iriafs 
of uneleCtrified matter j and the force with which he 
draws is the fame in both cafes, it confiding in the diffe- 
rent proportion of eleCtricity in the electrified body and 
that common mafs. But the force with which the elec- 
trified body retains its atmofphere by attracting it, is pro* 
portioned to the furface over which the particles are pla- 
ced ; i. e. four fquare inches of that furface retain their 
atmofphere with four times the force that one fquare inch 
retains its atmofphere. And as in plucking the hairs from 
the horfe’s tail, a degree of ftrength infufikient to pull a- 
way a handful at once, could yet eafily ftrip it hair by 

hair 
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hair ; fo a blunt body prefented cannot draw off a num- 
ber of particles at once, but a pointed one, with no great- 
er force, takes them away eafily, particle by particle. 

1 8. Thefe explanations of the power and operation of 
points, when they firfl: occurr’d to me, and while they 
firfl floated in my mind, appeared perfectly fatisfaCtory ; 
but now I have wrote them, and confider d them mote 
clofely in black and white, I muff own I have fome 
doubts about them : yet as I have at prefent nothing bet- 
ter to offer in their ftead, I do not crofs them out : for 
even a bad folution read, and its faults difcover’d, has of- 
ten given rife to a good one in the mind of an ingenious 
reader. 

19. Nor is it of much importance to us, to know the 
manner in which nature executes her laws ; ’tis enough 
if we know the laws themfelves. ’Tis of real ufe to 
know, that china left in the air unfupported will fall and 
break ; but hew it comes to fall, and why it breaks, are 
matters of fpeculation. ’Tis a pleafure indeed to know 
them, but we can preferve our china without it. 

20. Thus in the prefent cafe, to know this power of 
points, may poflibly be of fome ufe to mankind, though 
we fhould never be able to explain it. The following 
experiments, as well as thofe in my firll paper, fhow this 
power. I have a large prime conductor made of feveral 
thin fheets of Fuller’s pafleboard form’d into a tube, near 
10 feet long and a foot diameter. It is cover’d with 
Dutch embofs’d paper, almofl totally gilt. This large 
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metallic furface fupports a much greater electrical atmd.C 
phere than a rod of iron of 50 times the weight would 
do. It is fufpended by filk lines, and when charg’d will 
ftrike at near two inches diflance, a pretty hard ftroke 
fo as to make one’s knuckle ach. Let a perfon landing 
on the floor prefent the point of a needle at 1 2 or more 
inches diflance from it, and while the needle is fo pre- 
fented, the conductor cannot be charged, the point draw- 
ing off the fire as fail as it is thrown on by the electrical 
globe. Let it be charged, and then prefent the point at. 
the fame diflrnce, and it will fuddenly be difcharged. In 
the dark you may fee a light on the point, when the ex- 
periment is made. And if the perfon holding the point 
flands upon wax, he will be electrified by receiving the 
fire at that diflance. Attempt to draw off the electricity 
with a blunt body, as a bolt of iron round at the end and 
fmooth (a filverfmith’s iron punch, inch-thick, is what I 
ufe) and you muft bring it within the diflance of three 
inches before you can do it, and then it is done with a 
ftroke and crack. As the pafteboard tube hangs. loofe on 
filk lines, when you approach it with the punch iron, it 
like wife will move towards the punch, being attracted, 
while it is charged ; but if at the fame infiant a point 
be prefented as before, it retires again, for the point dif- 
charges it. Take a pair of large brafs fcales, of two or, 
more feet beam, the cords of the fcales being filk, Suf-. 
pend the beam by a packthread from the deling, fo that 

the bottom of the fcales may be about a foot from the. 

floor : 
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foor . The fcales will move round in a circle by the un- 
Si'ng of the packthread. Set the iron punch on the 
end upon the floor, in fuch a place as that the fcales may 
pafs over it in making their circle: Then electrify one 
Lie by applying the wire of a charged phial to it. As 
they move round, you fee that fcaie draw mgber to the 
floor, and dip more when it comes over the punch ; and 
if that be placed at a proper diflance, the fcaie will fnap 
and difeharge its fire into it.. But if a needle be ftuck 
on the end of the punch, its point, upwards, the fcaie, 
inflead of drawing nigh to the punch and fnapping, dif- 
charges its fire filently through the point, and lifes high- 
er from the punch. Nay, even if the needle be placed 
upon the floor near the punch, its point upwards, the 
end of the punch* tho’ fo much, higher than the needle, 
will not attract the fcaie and receive its fire, for the needle 
will get it and convey it away, before it comes nigh e- 
nough for the punch to ad. And this is conftantly ob- 
fervable in thefe experiments, that the greater quantity 
of eledricity on the pafteboard tube, the farther it ftrikes 
or difc.h.arges its fire, and the point likewife will draw it 
off at a ftill greater diflance. 

Now if the fire of eledricity and that of lightening be 
the fame, as I have endeavour’d to fhow at large in a 
former paper, this pafteboard tube and thefe fcales may 
repieient eledrified clouds. If a tube of only 10 feet 
long will ftrike and difeharge its fire on the punch at 
twp or three inches diflance, an eledrified cloud of per- 
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tups .0,000 acres, may ftrike and difcharge on the earth 
at a proportionably greater diftance. The horizontal mo- 
tion of the fcales over the floor, may reprefent the mo- 
tion of die clouds over the earth j and the ereft iron 
punchy a hill or high building, and then we fee how 
elednfied clouds paffing over hills or high buildings at 
too great a height to ftrike, may be attracted lower till 
within their ftriking diftance. And laftly, if a needle 
hx’d on the punch with its point upright, or even on the 
floor below the punch, will draw the fire from the fcale 
filently at a much greater than the ftriking diftance, and 
fo prevent its defending towards the punch ; or if in its 
courfe it would have come nigh enough to ftrike, yet be- 
ing firft deprived of its fire it cannot, and the punch is 
thereby fecured from the ftroke. I fay, if thefe things 
are fo, may not the knowledge of this power of points 
be of ufe to mankind, in preferving houfes, churches, 
fhips, &c. from the ftroke of lightning, by direding us 
to fix on the higheft parts of thofe edifices, upright rods 
of iron made fharp as a needle, and gilt to prevent ruft- 
ing, and from the foot of thofe rods a wire down the 
outfide of the building into the ground, or down round 
one of the fhrouds of a {hip, and down her fide till it 
reaches the water ? Would not thefe pointed rods proba- 
bly draw the eledrical fire filently out of a cloud before 
it came nigh enough to ftrike, and thereby fecure us from 
that moft fudden and terrible mifchief ? 

21. To determine the queftion, whether the clouds 

that 
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,ha. contain lightning areekarified or not I would pro- 
pofe an experiment to be try’d where it may be done conve- 
niently On the top of fome high tower or fteepie, piace a 
kind of fentry-box, (as in Fig. 9.) big enough to contain a 
man and an eledrical ftand. From the middle of the ftand, 
let an iron rod rife and pafs bending out of the door, and* 
then upright 20 or 30 feet, pointed very fliarp at the end. 
If the eledrical ftand be kept clean and dry, a man 
{landing on it when fuch clouds are pafling low, might 
be elcdrified and afford fparks, the rod drawing fire 
to him from a cloud. If any danger to the man fliould 
be apprehended (though I think there would be none) 
let him ftand on the floor of his box, and now and then 
bring near to the rod, the loop of a wire that has one 
end faftened to the leads, he holding it by a wax handle ; 
fo the {parks, if the rod is eledrified, will ftrike from 
the rod to the wire, and not affed him. 

22. Before I leave this fubjed of lightning, I may men- 
tion fome other fimilarities between the effeds of that, 
and thefe of eledricity.. Lightning has often been known 
to ftrike people blind. A pigeon that we ftruck dead to 
appearance by the eledrical fhock, recovering life, droop’d 
about the yard feveral days,, eat nothing though crumbs 
were thrown to it, but declined and died. We did not 
think of its being deprived of fight ; but afterwards a 
pullet ftruck dead in like manner, being recovered by re- 
peatedly blowing into its lungs, when fet down on the 
floor, ran headlong againft the wall, and on examination 

appear- 
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appeared perfedly blind. Hence we concluded that the 
pigeon alio had been abfolutely blinded by the {hock. 
Ihe biggeft animal we have yet killed or try’d to kill 
with the electrical ftroke, was a well grown pullet. 

23. Reading in the ingenious Dr. Hales's account of 
the thunder ftorm at Stretbam , the effeCt of the lightning 
m {tripping off all the paint that had covered a gilt 
moulding of a pannel of wainfcot, without hurting the 
reft of the paint, I had a mind to lay a coat of paint 
over the filleting of gold on the cover of a book, and 
try the effect of a ftrong eledtrical flafh fent through that 
gold from a charged flieet of glafs. But having no paint 
at hand, I palled a narrow ftrip of paper over it ; and 
when dry, fent the flafh. through the gilding ; by which 
the paper was torn off from end to end, with fuch force, 
that it was broke in feveral places, and in others brought 
away part of the grain of the Turky-leather in which 
it was bound ; and convinced me, that had it been paint- 
ed, the paint would have been ftript off in the fame 
manner with that on the wainfcot at Stretbam. 

24. Lightning melts metals, and I hinted in my pa- 
per on that fubjeCt, that I fufpeCled it to be a cold fu- 
fion ; I do not mean a fufion by force of cold, but a 
fufion without heat. We have alfo melted gold, filver, 
and copper, in fmall quantities, by the eledlrical flafh. 
The manner is this : Take leaf gold, leaf filver, or leaf 
gilt copper, commonly called leaf brafs or Dutch gold : 
cut off from the leaf long narrow ftrips the breadth of 

a flraw. 
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a flraw. Place one of thefe ftrips between two ftrips of 
finooth glafs that are about the width of your finger. II 
one ftrip of gold, the length of the leaf, be not long e- 
nough for the glafs, add another to the end of it, fo that 
you may have a little part hanging out loofe at each end 
of the glafs. Bind the pieces of glafs together from end 
to end with ftrong filk thread ; then place it fo as to be 
part of an eledrical circle, (the ends of gold hanging out 
being of ufe to join with the other parts of the circle) 
and fend the flafh through it, from a large electrified 
jar or fiieet of glafs. Then if your ftrips of glafs remain 
whole, you will fee that the gold is miffing in feveral 
places, and inftead of it a metallic ftain on both the 
glaffesj the ftains on the upper and under glafs exadtly 
fimilar in the minuteft ftroke, as may be feen by holding 
them to the light the metal appeared to have been not 
only melted, but even vitrified, or otherwife fo driven 
into the pores of the glafs, as to be protected by it from 
the action of the ftrongeft Aqua Forth and AgguRegia. I 
fend you enclofed two little pieces of glafs with thefe 
metallic ftains upon them, which cannot be removed with- 
out taking part of the glafs with them. Sometimes the 
ftain fpreads a little wider than the breadth of the leaf, 
and looks brighter at the edge, as by infpedling clofely 
you may oblerve in thefe. Sometimes the glafs breaks 
to pieces : once the upper glafs broke into a thoufand pie- 
ces, looking like coarfe fait. Thefe pieces I fend you, were 
ftain’d with Dutch gold. True gold makes a darker ftain, 

fomewhat 
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fomewhat reddifh ; filver, a greenifh ftain. We once took 
two pieces of thick looking-glafs, as broad as a Gunter’s 
icaie, and 6 inches long ; and placing leaf gold between 
i.ieni, put them betwixt two fmoothly plain’d pieces of 
wood, and fix’d them tight in a book-binder’s Snail prefs , 
yet though they were fo clofely confined, the force of the 
electrical fhock fhivered the glafs into many pieces. The 
gold was melted and ftain’d into the glafs as ufual. The 
circumftances of the breaking of the glafs differ much 
in making the experiment, and fometimes it does not 
break at all : but this is conftant, that the ftains in the 
upper and under pieces are exaCt counterparts of each o- 
ther. And though I have taken up the pieces of glafs 
between my fingers immediately after this melting, I ne- 
ver could perceive the leaft warmth in them. 

2 5. Ill one of my former papers, I mention’d, that 
gilding on a book, though at firft it communicated the 
fhock perfectly well, yet fail’d after a few experiments, 
which we could not account for. We have fince found, 
that one ftrong fhock breaks the continuity of the gold 
in the filleting, and makes it look rather like duft of 
gold, abundance of its parts being broken and driven off} 
and it will feldom conduit above one ftrong fhock. per- 
haps this may be the reafon ; when there is not a perfect 
continuity in the circle, the fire mu ft leap over the va- 
cancies ; there is a certain diftance which it is able to 
leap over according to its ftrength ; if a number of 
fmall vacancies, though each be very minute, taken to- 
gether 
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gether meed that diftance, it cannot leap over them, 

blfC-Led law of elearicity, that 
point's, as they are more or left acute, draw on and 
Low off the electrical fluid with more or left power, 
and at greater or left diftances, and in larger or ima ei 
quantities in the fame time, we may fee how to account 
for the fituation of the leaf of gold fufpended between 
two plates, the upper one continually elcCtnfied, the un- 
der one in a perfon’s hand {landing on the floor. When 
the upper plate is electrified, the leaf is attracted and 
raifed towards it, and would fly to that plate were it not 
for its own points. The corner that happens to be up- 
pennoft when the leaf is riling, being a fharp point, fiom 
the extream thinnel's of the gold, draws and receives at 
a diftance a fufficient quantity of the ejeCtrical fluid to 
give itfelf an eleCtrical atmofphere, by which its progrefs 
to the upper plate is ftopt, and it begins to be repelled 
from that plate, and would be driven back to the 
under plate, but that its loweft corner is likewife a 
point, and throws off or difeharges the overplus of the 
leaf’s atmofphere, as fall as the upper corner draws it 
on. Were thefe two points perfectly equal in acutenek, 
the leaf would take place exaCtly in the middle {pace, 
tor its Weight is a trifle, compared to the power aCling 
on it : But it is generally neareft the uneleCtrified plate, 
becaufe, when the leaf is offered to the electrified plate 
at a diftance, die fharpeft point is commonly firft affeCted 
and raifed towards it ; fo that point, from its greater a- 
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cutenefs, receiving the fluid filler than its oppofite 
d.fcharge » at equal ditonces, i, retires from *e eleftri 
ed plate, and draws nearer to the uneleftrified plate 
tm tt comes to a diftance where the difeharge can be ex' 

if 7 , eqMl t0 thc recei P'> *= !t>tter being feflened, and 
te former encreafed; and there it remains as long as the 
globe continues to fupply frelh eleftrical matter. This 
will appear plain, when the difference of acutenefs in 
the corners IS made very great. Cut a piece of Dutch 
gold (which is fitted; for thefe experiments on account of 
its greater drength) into the form of Fig. io the up- 
per corner a right angle, the two next obtufe angles, 
and the lowed: a very acute one ; and bring this on your 
pi ate under the eledlnfied plate, in fuch a manner as 
that the right-angled part may be fird raifed (which is 
done by covering the acute part with the hollow of your 
hand) and you will fee this leaf take place much nearer 
to the upper than to the under plate ; becaufe, without 
being nearer, it cannot receive fo fad: at its right-angled 
point, as it can difeharge at its acute one. Turn this 
leaf with the acute part uppermod, and then it takes 
place neared: the uneledlrified plate, becaufe otherwife 
it receives fader at its acute point than it can difeharge 
at its right-angled one. Thus the difference of didance 
is always proportioned to the difference of acutenefs. 
Take care in cutting your leaf to leave no little ragged 
particles on the edges, which fometimes form points 
where you would not have them. You may make this 

figure 
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figure d) acute below and blunt above, as to need no undei 
plate, it difeharging fad enough into the air. When it is 
made narrower, as the figure between the pricked lines, 
we call it the Golden Ftp, from its manner of adting. For 
if you take it by the tail, and hold it at a foot or gi eater 
horizontal didance from the prime conductor, it will, 
when let go, fly to it with- a bride but wavering motion, 
like that of an eel through the water ; it will then take 
place under the prime condudtor, at perhaps a quarter 
or half an inch didance, and keep a continual diaking of 
its tail like a fifli, fo that it feems animated. Turn its tail 
towards the prime conductor, and then it flies to your 
finger, and feems to nibble it. And if you hold a plate 
under it at fix or eight inches didance, and ceafe turning 
the Globe, when the eledtrical atmofphere of the conduc- 
tor grows fmall, it will defeend to the plate and fwim back 
again feveral times with the fame fifli-like motion, greatly 
to the entertainment of fpedtators. By a little practice in 
blunting or fharpening the heads or tails of thefe figures, 
you may make them take place as defired, nearer, or 
farther from the eledtrified plate. 

27. It is faid in fedtion 8, of this paper, that all kinds of 
common matter are fuppofed not to attradl the eledtrical 
fluid with equal drength ; and that thofe called eledtrics 
■ ,r fh as glafs, &c. attradl and retain it dronged, and con- 
tain the greated quantity. This latter pofition may feem 
a paradox to fome, being contrary to the hitherto received 
opimon ; and therefore I fhall now endeavour to explain it. 

28. In 



20 In order to this, let it firft be confidered, that we 
cannot, by any means we are yet acquainted with, force the e- 
leclrical fluid thro glafs. I know it is commonly thought 
that it eafily pervades glafs, and the experiment of a feather 
fufpended by a thread in a bottle hermetically fealed, yet 
moved by bringing a rJrbbed tube near the outfide of the 
bottle, is alledged to prove it. But, if the eledtrical fluid 
fo eafily pervades glafs, how does the vial become char- 
ged (as we term it) when we hold it in our hands ? 
Would not the fire thrown in by the wire pafs through 
to our hands, and fo elcape into the floor ? Would not 
the bottle in that cafe be left juft as we found it, unchar- 
ged, as we know a metal bottle fo attempted to be char- 
ged would be ? Indeed, if there be the leaft crack, the 
minuteft folution of continuity in the glafs, though it re- 
mains fo tight that nothing elfe we know of will pafs, yet 
the extremely fubtile ele&rical fluid flies through fuch 
a crack with the greateft freedom, and fuch a bottle we 
know can never be charged : What then makes the diffe- 
rence between fuch a bottle and one that is found, but this, 
that the fluid can pafs through the one, and not through 
the other ? * 

29. It is true there is an experiment that at firft fight 
would be apt to fatisfy a flight oblerver, that the fire 
thrown into the bottle by the wire, does really pafs thro’ 

* See the firft fixteen Sections of my former Paper, called Farther Ex- 
periments, &c. 
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,he glafs It is this : place the bottle on a glafs tad, un- 
£ t F ime conductor , fofpend a bullet by a cham from 
the prime condudlor, till it comes withm a quarter of ^ 
inch ri«ht over the wire of the bottle , place your knuc- 
kle on the glafs Hand, at juft the fame diftance from the 
coating of the bottle, as the bullet is from its wire. Now 
let the globe be turned, and you fee a fpark ftnke from 
the bullet to the wire of the bottle, and the fame tnftant 
you fee and feel an exaftly equal fpark linking from the 
coating on your knuckle, and fo on fpark for fpark. This 
looks as if the whole received by the bottle was again dif- 
charged from it. And yet the bottle by this means is 
charged ! And therefore the fire that thus leaves the 
bottle, though the fame in quantity, cannot be the very 
fame fire that entered at the wire -, for if it were, the bot- 
tle would remain uncharged. 

30. If the fire that fo leaves the bottle be not the fame 
that is thrown in through the wire, it muft be fire that fub- 
fifted in the bottle, (that is, in the glafs of the bottle) be- 
fore the operation began. 

31. If fo, there muft be a great quantity in glafs, be- 
caufe a great quantity is thus difeharged even from very 
thin glafs. 

32. That this electrical fluid or fire is ftrongly attracted 
by glafs, we know from the quicknefs and violence with 
which it is refumed by the part that had been deprived of 

* See § 10 of Farther Experiments, &c. 
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it, when there is an opportunity. And by this, that we 
cannot from a mafs of glafs draw a quantity of ele&ricat 
fire, 01 eledhify the whole mafs minus , as we can a mafs of 
metal. We cannot leflen or increafe its whole quantity 
for the quantity it has it holds ; and it has as much as k 
can hold. Its pores are filled with it as full as the mu- 
tual repellency of the particles will admit; and what is al- 
1 eac ty 111 > refufes, or ftrongly repels, any additional quantity. 
Nor have we any way of moving the eledrical fluid in 
glafs, but one ; that is, by covering part of the two furfa- 
ces of thin glafs with non-ele&rics, and then throwing an 
additional quantity of this fluid on one furface, which 
fpreading in the non-eledtric, and being bourid by it to 
that furface, ads by its repelling force on the particles of the 
eledtrical fluid contained in the other furface, and drives 
them out of the glafs into the non-eledtric on that fide, 
from whence they are difcharged, and then thofe added 
on the charged fide can enter. But when this is done, 
there is no more in the glafs, nor lefs than before, juft as 
much having left it on one fide as it received on the other. 

33. I feel a want of terms here, and doubt much whe- 
ther I fhall be able to make this part intelligible. By the 
word furface , in this cafe, I do not mean mere length and 
breadth without thicknefs ; but when I fpeak of the up- 
per or under furface of a piece of glafs, the outer or in- 
ner furface of the vial, I mean length, breadth, and half 
the thicknefs, and beg the favour of being fo underftood. 
Now, I fuppofe, that glafs in its firft principles, and in the 
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Furnace, has no more of this electrical fluid than othei 
common matter : That when it is blown, as it cools, and 
the particles of common fire leave it, its pores become a va- 
cuum : That the component parts of glafs are extremely 
fmall and fine, I guefs from its never fhowing a rough 
face when it breaks, but always a polifh ; and from the 
fmallnefs of its particles I fuppofe the pores between them 
muft be exceeding fmall, which is the reafon that Aqua- 
fortis, nor any other menftruum we have, can enter to fe- 
parate them and diffolve the fubftance ; nor is any fluid 
we know of, fine enough to enter, except common fire, 
and the eledrical fluid. Now the departing fire leaving 
a vacuum, as aforefaid, between thefe pores, which air 
nor water are fine enough to enter and fill, the eledrical 
fluid (which is every where ready in what we call the 
non-eledrics, and in the non-eledric Mixtures that are in 
the air, is attraded in : yet does not become fixed with the 
fubftance of the glafs, but fubfifts there as water in a po- 
rous ftone, retained only by the attradion of the fixed 
parts, itfelf ftill loofe and a fluid. But I fuppofe farther, 
that in the cooling of the glafs, its texture becomes clofeft 
in the middle, and forms a kind of partition, in which the 
pores are fo narrow, that the particles of the eledrical 
fluid, which enter both furfaces at the fame time, cannot 
go through, or pafs and repafs from one furface to the 
other, and fornix together; yet, though the particles of e- 
ledrical fluid, imbibed by each furface, cannot themfelves 

k pafs 
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pafs through to thofe of the other, their repellency can, 
and by this means they aCt on one another. The particles 
of tne electrical fluid have a mutual repellency, but by the - 
power of attraction in the glafs they are condenfed or for- 
ced nearer to each other. When the glafs has received 
and, by its attraction, forced clofer together fo much of 
this electrified fluid, as that the power of attracting and 
condenfing in the one, is equal to the power of expanfion 
in the other, it can imbibe no more, and that remains its 
conftant whole quantity j but each furface would receive 
more, if the repellency of what is in the oppofite furface 
did not refill: its entrance. The quantities of this fluid in 
each furface being equal, their repelling aCtion on each 
other is equal ; and therefore thofe of one furface cannot 
drive out thofe of the other : but, if a greater quantity is 
forced into one furface than the glafs would naturally 
draw in j this increafes the repelling power on that fide, 
and overpowering the attraction on the other, drives out 
part of the fluid that had been imbibed by that furface, if 
there be any non-eleCtric ready to receive it : fuch there is in 
all cafes where glafs is electrified to give a Ihock. The fur- 
face that has been thus emptied by having its eleCtrical 
fluid driven out, refumes again an equal quantity with vio- 
lence, as foon as the glafs has an opportunity to difeharge 
that over-quantity more than it could retain by attraction 
in its other furface, by the additional repellency of which 
the vacuum had been occafioned. For experiments fa- 
vouring 
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vouring (if I may not fay confirming) this hypothecs, I 
mult, to avoid repetition, beg leave to refer you back to 
what is faid of the eleCtrical phial in my former pa- 

pers. 

34. Let us now fee how it will account for leveral o- 
ther appearances.— Glafs, a body extremely elaftic (and 
perhaps its elafticity may be owing in fome degree to the 
fubfilting of fo great a quantity of this repelling fluid 
in its pores) mult, when rubbed, have its rubbed fur- 
face fomewhat llretched, or its folid parts drawn a little 
farther afunder, fo that the vacancies in which the elec- 
trical fluid refides, become larger, affording room for 
more of that fluid, which is immediately attracted into it 
from the cufhion or hand rubbing, they being fupply’d 
from the common ftock. But the inftant the parts of the 
glafs fo open’d and fill’d have pafs’d the friction, they 
clofe again, and force the additional quantity out upon 
the furface, where it mult reft till that part comes round 
to the cufhion again, unlefs fome non eleCtric (as the 
prime conductor) firft prefents to receive it.* But if the 
infide of the globe be lined with a non-eleCtric, the ad- 

* In 3 he dark the eleCtrical fluid may be feen on the cufhion in two fe- 
mi-circlesor half-moons, one on the fore part, the other on the back part 
of the cufhion, juft where the globe and cufhion feparate. In the fore 
crefcent the fire is palling out of the cufhion into the glais ; in the other 
i\' T l ]eav ' n S the S !afs > and returning into the back part of the cufhion 
When the prime conductor is apply’d to take it off the glafs, the back 
trefeent disappears. 
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ditional repellency of the eleCtrical fluid, thus collected 
by friCtion on the rubb’d part of the globe’s outer fur- 
face, drives an equal quantity out of the inner furface into 
that non-electric lining, which receiving it, and carrying 
it away from the rubb’d part into the common mafs, 
through the axis of the globe and frame of the ma- 
chine, the new collected eleCtrical fluid can enter and re- 
main in the outer furface, and none of it (or a very little) 
will be received by the prime conductor. As this charg’d 
part of the globe comes round to the cufhion again, the 
outer furface delivers its overplus fire into the cufhion, 
the oppofite inner furface receiving at the fame time an 
equal quantity from the floor. Every electrician knows 
that a globe wet within will afford little or no fire, but 
the reafon has not before been attempted to be given, 
that I know of. 

34. So if a tube lined with a *j* non-eleCtric, be rubb’d, 
little or no fire is obtained from it. What is collected 
from the hand in the downward rubbing ftroke, entering 
the pores of the glafs, and driving an equal quantity out 
of the inner furface into the non-eleCtric lining : and the 
hand in paffing up to take a fecond ftroke, takes out a- 
gain what had been thrown into the outer furface, and 
then the inner furface receives back again what it had 
given to the non-eleCtric lining. Thus the particles of 

f Gilt paper, with the gilt face next the glafs, does well. 

eleCtrical 
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eleCtrical fluid belonging to the infide furface go in and 
out of their pores every ftroke given to the tube. Put a 
wire into the tube, the inward end in contaCt with the 
non-eleCtric lining, fo it will reprefent the Leyden bottle. 
Let a fecond perfon touch the wire while you rub, and 
the fire driven out of the inward furface when you give 
the ftroke, will pafs through him into the common mafs, 
and return through him when the inner furface refumes 
its quantity, and therefore this new kind of Leyden bot- 
tle cannot fo be charged. But thus it may : after every 
ftroke, before you pafs your hand up to make another, 
let the fecond perfon apply his finger to the wire, take 
the fpark, and then withdraw his finger ; and fo on till 
he has drawn a number of fparks ; thus will the inner 
furface be exhaufted, and the outer furface charged; then 
wrap a fheet of gilt paper clofe round the outer furface, 
and grafping it in your hand you may receive a fhock 
by applying the finger of the other hand to the wire : 
for now the vacant pores in the inner furface refume 
their quantity, and the overcharg’d pores in the outer fur- 
face difeharge that overplus ; the equilibrium being re- 
ftored through your body, which could not be reftored 
through the glafs* If the tube be exhaufted of air, a 
non eleCtric lining in contaCt with the wire is not necef- 
fary ; for in vacuo, the eleCtrical fire will fly freely from 



* See farther experiments, § 15. 
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the inner furface, without a non-eledtric conductor : 
but air refills its motion ; for being itfelf an eleitric per 
J'e, it does not attrait it, having already its quantity. So 
the air never draws off an ele&ric atmofphere from any 
body, but in proportion to the non-ele<arics mix’d with 
it : it rather keeps fuch an atmofphere confin’d, whick 
from the mutual repulfion of its particles, tends to difll- 
pation, and would immediately diflipate in vacuo . — And 
thus the experiment of the feather inclofed in a glafs 
veflel heimetically fealed, but moving on the approach 
of the rubbed tube, is explained : When an additional 
quantity of the eledrical fluid is applied to the fide of 
the veflel by the atmofphere of the tube, a quantity is 
repelled and driven out of the inner furface of that fide 
into the veflel, and there affeits the feather, returning a- 
gain into its pores, when the tube with its atmofphere is 
withdrawn ; not that the particles of that atmofphere did 

themfelves pafs through the glafs to the feather. And 

every other appearance I have yet feen, in which glafs 
and electricity are concern’d, are, I think, explain’d with 
equal eafe by the fame hypothefis. Yet, perhaps, it may 
not be a true one, and I fhall be obliged to him that af- 
fords me a better. 

35. Thus I take the difference between non eleitrics 
and glafs, an eleitric per fc, to confift in thefe two par- 
ticulars. 1 ft, That a non-eledtric eafily fuffers a change 

in the quantity of the eleCtrical fluid it contains. You 

may 
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may leflen its whole quantity by drawing out a part 
which the whole body will again refume ; but 01 glafs 
you can only leffen the quantity contain d in one ol 1 
furfaces; and not that, but by fupplying an equal quantity 
at the fame time to the other furface ; fo that the whole 
glafs may always have the fame quantity in the two fur- 
faces, their two different quantities being added together. 
And ’this can only be done in glafs that is thin; beyond 
a certain thicknefs we have yet no power that can make 
this change. And, zdly, that the eledtrical fire freely re- 
moves from place to place, in and through the fubftance 
of a non-eledtric, but not fo through the fubftance of 
glafs. If you offer a quantity to one end of a long rod 
of metal, it receives it, and when it enters, every par- 
ticle that was before in the rod, pufties its neighbour 
quite to the further end, where the overplus is difeharg’dj 
and this inftantaneoufly where the rod is part of the circle 
in the experiment of the fhock. But glafs, from the 
fmallnefs of its pores, or ftronger attraction of what it 
contains, refufes to admit fo free a motion ; a glafs rod 
will not conduit a fhock, nor will the thinneft glafs fuf- 
fer any particle entring one of its furfaces to pafs thro-’ 
to the other. 

36. Hence we fee the impoflibility of fuccefs, in the 
experiments propos’d, to draw out the effluvial virtues of 
a non-eleitric, as cinnamon for inftance, and mixing them 
with the eleitrical fluid, to convey them with that into 

the 
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the body, by including it in the globe, and then apply, 
ing fridion, &c. For though the effluvia of cinnamon, 
and the eleCtrical fluid fhould mix within the globe, they 
would never come out together through the pores of the 
glafs, and io go to the prime condu&or ; for the elec- 
trical fluid itfelf cannot come through ; and the prime 
conductor is always fupply’d from the cufflion, and that 
from the floor. And befides, when the globe is filled 
with cinnamon, or other non-eledric, no eledrical fluid 
can be obtain’d from its outer furface, for the reafon be- 
fore-mentioned. I have try’d another way, which I 
thought more likely to obtain a mixture of the eledrical and 
other effluvia together, if fuch a mixture had been poffible. 
I placed a glafs plate under my cufflion, to cut off the 
communication between the cufflion and floor } then 
brought a fmall chain from the cufflion into a glafs of 
oil of turpentine, and carried another chain from the oil 
of turpentine to the floor, taking .care that the chain from 
the cufflion to the glafs touch’d no part of the frame of 
the machine. Another chain was fix’d to the prime 
conductor, and held in the hand of a perfon to be elec- 
trified. The ends of the two chains in the glafs were 
near an inch diftant from each other, the oil of turpen- 
tine between. Now the globe being turn’d, could draw 
no fire from the floor through the machine, the commu- 
nication that way being cut off by the thick glafs plate 
under the cufflion : it muff then draw it through the 

chains 
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chains whofe ends were dipt in the oil of turpentine- 
And as the oil of turpentine being an eleftnc ferfe,mu 
not conduit what came up from the floor, was obliged to 
jump from the end of one chain, to the end of the other, 
through the fubffance of that oil, which we could fee 
in large fparks ; and fo it had a fair opportunity of feizing 
fome of the fineft particles of the oil in its paffage, and 
carrying them off with it : but no fuch effed followed, 
nor could X perceive the leaft difference in the ffmell of 
the eledrical effluvia thus collected, from what it has 
when colleded otherwife ; nor does it otherwife affed the 
body of a perfon eledrifed. I likewife put into a phial, 
inftead of water, a ftrong purgative liquid, and then 
charged the phial, and took repeated fflocks from it, in 
which cafe every particle of the electrical fluid muff, be- 
fore it went through my body, have firft gone through 
the liquid when the phial is charging, and returned 
through it when difcliarging, yet no other effed followed 
than if it had been charged with water. I have alfo fmelt 
the eledtrical fire when drawn through gold, filver, cop- 
per, lead, iron, wood, and the human body, and could 
perceive no difference ; the odour is always the fame 
where the fpark does not burn what it ftrikes ; and 
therefore I imagine it does not take that fmell from any 
quality of the bodies it paffes through. And indeed, as 
that fmell fo readily leaves the eledrical matter, and ad- 
heres to the knuckle receiving the fparks, and to other 
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things ; I fufpeCt that it never was connected with it, 
but arifes inftantaneoufly from fomething in the air aCted 
upon by it. For if it was fine enough to come with the 
electrical fluid through the body of one perfon, why 
ihould it flop on the fkin of another ? 

But I fhall never have done, if I tell you all my con- 
jectures, thoughts, and imaginations, on the nature and 
operations of this eleCtrical fluid, and relate the variety 
of little experiments we have try’d. I have already made 
this paper too long, for which I muft crave pardon, not 
having now time to make it ihorter. I {hall only add, 
that as it has been obferved here that fpirits will fire by 
the eleCtrical fpark in the fummer time, without heating 
them, when Fahrenheit' s thermometer is above 70 ; fo, 
when colder, if the operator puts a fmall flat bottle 
of fpirits in his bofom, or a clofe pocket, with the fpoon, 
fome little time before he ufes them, the heat of his body 
will communicate warmth more than fufficient for the 
purpofe. 
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ADDITIONAL EXPERIMENT, proving that the Ley- 
den Bottle has no more elettrical Fire in it when charged , 
than before-, nor lefs when difch'arged: That in difchar- 
ging, the Fire does not iffuefrorn the Wire and the Coating 
at the fame Time , as fome have thought , but that the Coating 
always receives what is difcharged by the Wire , or an e~ 
qua! Quantity the outer Surface being always in a ne- 
gative State of EleBricity, when the inner Surface is in 
a pofitive State . 

P L A C E a thick plate of glafs under the rubbing 
cufhion, to cut off the communication of eleCtri- 
cal fire from the floor to the cufhion ; then, if 
there be no fine points or hairy threads Ricking out from 
the cufnion, or from the parts of the machine oppofite to 
the cufhion, (of which you muft be careful) you can get 
but a few iparks from the prime conductor, which are all 
the culhion will part with. 

Hang a phial then on the prime conductor, and it will 

not charge, tho’ you hold it by the coating. But 

Form a communication by a chain from the coating to 
the cufhion, and the phial will charge. 

For the globe then draws the eleCtrical fire out of the 
outfide furface of the phial, and forces it, through the 
prime conductor and wire of the phial, into the infide 
furface. 

M 2 
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Thus the bottle is charged with its own fire, no other 
'emg to be had while the glafs plate is under the cufhion 
Hang two cork balls by flaxen threads to the prime con- 
audor j then touch the coating of the bottle, and they 
will be eledrified and recede from each other. 

For juft as much fire as you give the coating, fo much 
is difcharged through the wire upon the prime condudor, 
wnence the cork balls receive an electrical atmofphere. But 
1 ake a wire bent in the form of a C, with a ftick of 
wax fixed to the outfide of the curve, to hold it by ; and 
apply one end of this wire to the coating, and the other at 
the fame time to the prime condudor, the phial will be 
difcharged ; and if the balls are not eledrified before the 
difcharge, neither will they appear to be fo after the dif- 
charge, for they will not repel each other. 

Now if the fire difcharged from the infide furface of 
the bottle through its wire, remained on the prime con- 
dudor, the balls would be eledrified and recede from 
each other. 

If the phial really exploded at both ends, and difchar- 
ged fire from both coating and wire, the balls would be 
more eledrified and recede farther : for none of the fire 
can efcape, the wax handle preventing. 

But if the fire, with which the infide furface is furchar- 
ged, be fo much precifely as is wanted by the outfide fur- 
face, it will pafs round through the wire fixed to the wax 

handle. 
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handle, reftore the equilibrium in the glafs, and make no 
alteration in the ftate of the prime condudor. 

Accordingly we find, that if the prime condudor be e- 
iedrified, and the cork balls in a ftate of repellency before 
the bottle is^iarged, they continue fo afterwards. If not, 
they are not eledrified by that difcharge, 

CORRECTIONS and ADDITIONS 

to the Preceding Papers. 

P AGE 2, Sed. i. We fince find, that the fire in 
the bottle is not contained in the non-eledric, but 
in the glafs. All that is after faid of the top and bottom of 
the bottle, is true of the infide and ontfde furfaces, and 
fhould have been fo exprefled. See SeSt. 16, p.^16. 

Page 6, Line 13. The equilibrium will foon be re- 
ftored but flently, &c. This muft have been a miftake. 
When the bottle is full charged, the crooked wire cannot 
well be brought to touch the top and bottom fo quick, 
but that there will be a loud fpark ; unlefs the points be 
fharp, without loops. 

Ibid, line ult. Outfide : add, fuch moifture continuing 
up to the cork or wire. 

Page 12, line 14. By candle-light &c. From fome 
obfervations fince made, I am inclined to think, that it is 
not the light, but the fmoke or non-eledric effluvia from 

the 
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the candle, coal, and red-hot iron, that carry off the elec- 
trical fire, being firft attracted and then repelled. 

Page 13, line 15. Wtndmil wheels, &c. We after- 
wards difeovered, that the afflux or efflux of the eledrical 
fire, was not the caufc of the motions of thofe wheels, but 
various circumftances of attraction and repulfion. 

Page 16, line 21. Let A and B ftand on wax , &c. We 
foon found that it was only neceffary for one of them to 
ftand on wax. 

Page 19. in the title r. on 

Page 24, line 12. r. contact, line 24. confined. 

Page 25, line 10. for Jland r. hand. 

Page 28, line 2. The confequence might perhaps be fatal. 

Sec. We have found it fatal to fmall animals, but’tis not 
ltrong enough to kill large ones. The biggeft we have 
killed is a hen. 

Page 31, line 20. Ringing of chimes , See. This is fince 
done. 

Page 33, line 22. Fails after ten or twelve experiments. 
This was by a fmall bottle. And fince found to fail after e**e 
with a large glafs. 

Page 40, feCt. 50, 51. Spirits muf be heated before we 
can fire them. See. We have fince fired fpirits without 
heating, when the weather is warm. 
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letter V. 

FROM 

Benj. Franklin, Efq; of Philadelphia, 

t o 

Mr Peter Collinson, F. R. S. London. 

SIR , July 27, 1750. 

M R. W—tf—n, I believe, wrote his obfervations on 
my laft paper in hafte, without having firft well 
confidered the experiments related in §. 17. which 
ft ill appear to me decifive in the queftion, — Whether the 
accumulation of the electrical fire he in the electrified glafs, 
or in the non-electric matter connected with the glafs ? — 
and to demonftrate that ’tis really in the glafs. 

As to the experiment that ingenious gentleman men- 
tions, and which he thinks conclufive on the other fide, 

I perfwade myfelf he will change his opinion of it, when 
he confiders, that as one perfon applying the wire of the 
charged bottle to warm fpirits, in a fpoon held by another 
perlon, both ftanding on the floor, will fire the fpirits, and 
,et fuch filing will not determine whether the accumula- 

FT tien 
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tion was in the glafs or the non-ele&ric ; fo the placin* 
another perfon between them, ftanding on wax, with t 
bafon in his hand, into which the water from the phial is 
pour’d, while he at the infant of pouring prefents a finger 
of his other hand to the fpirits, does not at all alter the 
cafe } the ftream from the phial, the fide of the baton, with 
the arms and body of the perfon on the wax, being all 
together but as one long wire, reaching from the internal 
furface of the phial to the fpirits. 

June 29, 1751. In Capt. Waddel'% account of the ef- 
fects of lightening on his thip, I could not but take notice 
of the large comazants (as he calls them) that fettled on 
the fpintles at the topmafts heads, and burnt like very 
large torches (before the ftroke). According to my o- 
pinion, the eledtrical fire was then drawing off, as by 
points, from the cloud ; the largenefs of the flame be- 
tokening the great quantity of eledlricity in the cloud : 
and had there been a good wire communication from the 
fpintle heads to the fea, that could have conducted more 
freely than tarred ropes, or malls of turpentine wood, I 
imagine there would either have been no ftroke ; or, if a 
ftroke, the wire would have conducted it all into the fea 
without damage to the fhip. 

His compafles loft the virtue of the load (lone, or the 
poles were revers’d ; the North point turning to the South. 
— By eledlricity we have (here at Philadelphia) frequent- 
ly given polarity to needles, and reverfed them at plea- 
fure. 
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Mr Wilfon, at London, tried it on too large mafles, and 



with too fmall force. 

A fhock from four large glafs jars, fent through a fine 
fewing needle, gives it poiarity, and it will tiaveile when 
laid on water.— If the needle when flruck lies Eaft and 
Weft, the end enter’d by the eledlrick blaft points North. 
— If it lies North and South, the end that lay towards 
the North will continue to point North when placed on 
water, whether the fire enter’d at that end or at the con- 
trary end. 

The polarity given is ftrongeft when the needle is ftruck, 
lying North and South, weakeft when lying Eaft: and Weft ; 
perhaps if the force was ftill greater, the South end. en- 
ter’d by the fire, (when the needle lies North and South,) 
might become the North, otherwife it puzzles us to ac- 
count for the inverting of compafles by lightening ; fince 
their needles muft always be found in that fituation, and 
by our little experiments, whether the blaft: entered the 
North and went out at the South end of the needle, or 
the contrary, ftill the end that lay to the North fhould 
continue to point North. 



In thefe experiments the ends of the needles are fome- 
times finely blued like a watch fpring by the ele&ric flame. 
—-This colour given by the flafh from two jarrs only, 
will wipe off, but four jarrs fix it, and frequently melt 
the needles. I fend you fome that have had their heads 
and points melted off, by our mimic lightening ; and a pin 
that had its point melted off, and fome part of its head 



N 2 



and 



92 LETTERS on ELECTRICITY. 

and neck run. Sometimes the furface on the body of the 
needle is alfo run, and appears blifter’d when examin’d by 
a magnifying glafs : the jarrs I make ufe of hold 7 or 8 
gallons, and are coated and lined with tin-foil ; each of 
tiiem takes a thoufand turns of a globe nine inches dia- 
meter to charge it. 

I fend you two fpecimens of tin-foil melted between 
glafs, by the force of two jarrs only. 

I have not heard that any of your European electricians 
have hitherto been able to fire gunpowder by the electric 
flame. — We do it here, in this manner. — A fmall car- 
tridge is filled with dry powder, hard rammed, fo as to 
bruife fome of the grains, two pointed wires are then 
thruft in, one at each end, the points approaching each 
other in the middle of the cartridge till within the diftance 
of half an inch, then the cartridge being placed in the 
circle, when the four jarrs are difcharged, the electric 
flame leaping from the point of one wire to the point of 
the other, within the cartridge amongft the powder, fires 
it, and the explofion of the powder is at the fame inftant 
with the crack of the difcharge. 

I am, &c. 

B. FRANKLIN. 
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F R O M 

Benj. Franklin, Efq\ of Philadelphia , 

T O 

C. C. Eiq; at New York. 

SIR, 1 75 1, 

I Inclofe you Anfwers, fuch as my prefent hurry of bu- 
finefs will permit me to make, to the principal que- 
ries contain’d in yours of the 28th inftant, and beg 
leave to refer you to the latter piece in the printed col- 
ledtion of my papers, for farther explanation of the dif- 
ference between what are called eleSlrics per fe and non- 
eleSlrics. When you have had time to read and confider 
thofe papers, I will endeavour to make any new experi- 
ments you fhall propofe, that you think may afford far- 
ther light or fatisfadtion to either of us ; and fhall be 
much oblig’d to you for fuch remarks, objections, &c. as 
may occur to you.— I forget whether I wrote you that I 
have melted brafs pins, and fteel needles, inverted the poles of 
the magnetick needle, given a magnetifm and polarity to 

needles 
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need'es that had none, and fired dry gunpowder by ,he 

, & ^ 1 have five bot "« *at contain 8 or „ 2a | 

Ions each, two of which charg'd, are fufficien, for’wt 

purpofes ; but I can charge and difcharge then, all 

't r ; J, h “ e / re 110 b0 “‘^ (^t what expence and labour 
give) to the force man may raife and ufe in the eledric J 

7 : .f°; b f-7 b£ added * b °^in infinitum, and 
aU umted and difcharged together as one, the force and 

eftta proportioned to their number and fize. The a rea teft 
mown effeds of common lightening, may, I think, with- 
out much difficulty be exceeded in this way, which a few 
years fince could not have been believed, and even now 
may feem to many a little extravagant to fuppofe.— So we 
are got beyond the fkill of Rabelais's devils of two years 
old, who, he humouroufly fays, had only learnt to thun- 
der and lighten a little round the head of a cabbage. 

I am, with Jincere refpeff, 

1 onr mojl obliged humble fervant , 

B. FRANKLIN, 
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Queries and Anfwers, referred to in the fore- 
going Letter. 

Query. Wherein confifts the difference between an e- 
leciric and a non-electric body ? 

Anfwer. The terms electric per fe, and non-eledric 
were firft ufed to diftinguifh bodies, on a miftaken fup- 
pofition that thofe called eledrics per fe alone contain’d 
eledric matter in their fubftance, which was capable of 
being excited by fridion, and of being produced or drawn 
from them and communicated to thofe called non- 
eledrics, fuppofed to be deftitute of it : For the glafs, &c. 
being rubbed, difeover’d figns of having it, by flapping 
to the finger, attrading, repelling, &c. and could com- 
municate thofe figns to metals and water. Afterwards 

it was found, that rubbing of glafs would not produce the 
eledric matter, unlefs a communication was preferved be- 
tween the rubber and the floor ; and fubfequent experi- 
ments prov’d that the eledric matter was really drawn 
from thofe bodies that at firft were thought to have none 
in them. Then it was doubted whether glafs and other 
bodies called eledlrics per fe had really any eledric matter 
in them, fince they apparently afforded none but what 
they firft extraded from thofe which had been called non- 
eledrics. . But fome of my experiments fliew that glafs 
contains it in great quantity, and I now fufped it to be 
piettj equally diflufed in all the matter of this terraqueous 

globe. 
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globe. If fo, the terms elefiric per fe, and non define, 
fhould be laid afide as improper : And (the only difference 
being this, that fome bodies will conduit eleCtric matter, 
and others will not) the terms condufiors and non-condnfion 
may fupply their place. If any portion of eleCtric matter 
is applied to a piece of conducting matter, it penetrates 
and flows through it, or fpreads equally on its furface ; if 
applied to a piece of non-conduCting matter, it will’ do 
neither. PerfeCt conductors of eleCtric matter are only 
metals and water, other bodies conducting only as they 
contain a mixture of thofej without more or lefs of 
which, they will not conduit at all.* This (by the way) 
fhows a new relation between metals and water hereto- 
fore unknown. 

To ill u fixate this by a comparifon, which, however, can 
only give a faint refemblance. EleCtric matter paffes 
through conductors as water paffes through a porous ftone, 
or fpreads on their furfaces as water fpreads on a wet 
ftone ; but when apply’d to non-conduiters, ’tis like wa- 
ter dropt on a greafy ftone ; it neither penetrates, paffes 
through, nor fpreads on the furface, but remains in drops 
where it falls. See farther on this head in my laft print- 
ed piece. 

Query. What are the effeits of air in eleitrical experi- 
ments ? 

Anfwer. All I have hitherto obferved are thefe. Moift 

air 

* This proportion is fince found to be too general ; Mr Wilfon haying 
difcovered that melted wax and rofin will alfo conduit. 
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air receives and conduits the eleitrical matter in propor- 
tion to its moifture, quite dry air not at all : air is there- 
fore to be clafs’d with the non-conduCtors. Dry air af- 
flfts in confining the eleitrical atmofphere to the body it 
furrounds, and prevents its diffipating : for in vacuo it 
quits eafily, and points operate ftronger, /. e. they throw 
off or attract the eledrical matter more freely, and at 
greater diftances ; fo that air intervening obftruits its puf- 
fing from body to body, in fome degree. A clean electri- 
cal phial and wire, containing air inftead of water, will 
not be charged nor give a fhock, any more than if it was 
fill’d with powder of glafs ; but exhaufted of air it operates 
as well as if fill’d with water. Yet, an eleCtrical atmofphere 
and air do not feem to exclude each other, for we breath freely 
in fuch an atmofphere, and dry air will blow through it 
without difplacing or driving it away. I queftion whe- 
ther the ftrongeft dry N. Wefter would diflipate it. I 
once electrified a large cork ball, at the end of a filk 
thread 3 foot long, the other end of which I held in my 
fingers, and whirl’d it round, like a fling, 100 times in the 
air, with the fwifteft motion I could poflibly give it, yet 
it retain’d its eleCtrical atmofphere, though it muft have 
pafs’d through 800 yards of air, allowing my arm in 
giving the motion to add a foot to the femidiameter of 
the circle.'— -By quite dry air, I mean the dryeft we have : 
for perhaps we never have any perfectly free from moifture. 
An eleCtrical atmofphere raifed round a thick wire, in- 
ferted in a phial of air, drives out none of the air, nor 

O 
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on withdrawing that atmofphere will any air rufh in, as , 
have found by a very curious experiment, accurately Lde 

An Experiment towards differing more of 
the Qualities of the Elettric Fluid. 

From the prime conductor, hang a bullet by a wire 
hook } under the bullet at half an inch diftance, place a 
bright piece of lilver to receive the fparks ; then let the 
wheel be turned, and in a few minutes (if the repeated 
fparks continually ftrike in the fame fpot) the filver will 
ieceive a blue ttain nctu the colour of -a watch fpring. 

A bright piece of iron will alfo be fpotted, but not 
with that colour ; it rather feems to be corroded. 

On gold, bra Is, or tin, I have not perceived that it 
makes any imprefllon. But the fpots on the filver or iron 
v/ill be the fame, whether the bullet be lead, brafs, gold, 
or filver. 

On a filver bullet, there will alfo appear a fmall fpot, 
as well as on the plate below it. 
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LETTER VII. 

FROM 

Mr E. Kinnersley, at BoJlon y 

T O 

Benj. Franklin, Efq; at Philadelphia. 

SIR, ' ■ Feb 3, 1752. 

I Have the following experiments to communicate : I 
held in one hand a wire, which was fatten'd at the 
other end to the handle of a pump, in order to try 
whether the ftroke from the prime conductor, through 
my arms, would be any greater, than when convey’d only 
to the furface of the earth, but could difeover no dif- 
ference. 

I placed the needle of a compafs on the point of a long 
pin, and holding it in the atmofphere of the prime con- 
ductor, at the diftance of about three inches, found it to 
whirl round, like the flyers of a jack, with great rapidity. 

I fufpended with filk, a cork ball, about the bignefs of 
a pea, and prefented to it, rubbed amber, fealing wax, 
and fulphur, by each of which it was ftrongly repelled ; 

O 2 then 
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then I tried rubbed glafs and china, and found that each 
of thefe would attract, until it became eledrified again 
and then it would be repelled as at firft; and while thus 
repelled by the rubbed glafs or china, either of the others 
when rubbed would attrad it. Then I eledrified the ball, 
with the wire of a charged phial, and prefented to it 
tubbed glafs (the hopper of a decanter) and a china tea 
cup, by which it was as ftrongly repelled, as by the wire ; 
but when I prefented either of the other rubbed eledrics, 
it would be ftrongly attraded, and when I eledrified it] 
by either of thefe, till it became repelled, it would be at- 
traded by the wire of the phial, but be repelled by its 
coating. 

Thefe experiments furprized me very much, and have 
induced me to infer the following paradoxes. 

1. If a glafs globe be placed at one end of a prime 
condudor, and a fulphur one at the other end, both be- 
ing equally in good order, and in equal motion, not a 
fpark of fire can be obtain’d from the condudor ; but one 
globe will draw out, as fail as the other gives in. 

2. If a phial be fufpended on the condudor, with a 
chain from its coating to the table, and only one of the 
globes be made ufe of at a time, 20 turns of the wheel, 
for inftance, will charge it ; after which, fo many turns 
of the other wheel will difcharge it ; and as many more 
will charge it again. 

3. The globes being both in motion, each having a fe- 
parate oondudor, with a phial fulpended on one of them, 

and 
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and the chain of it fattened to the other, the phial will 
become charged ; one globe charging pofitively, the other 

negatively- phiai ^ ^ chafgedj hang it in like man- 
ner on the other condudor; fet both wheels a going again, 
and the fame number of turns that charged it before, will 
now difcharge it; and the fame number repeated, will 
charge it again. 

5. When each globe communicates with the fame prime 
condudor, having a chain hanging from it to the table, 
one of them, when in motion, (but which I can t fay ) 
will draw fire up through the cufliion, and difchaige it 
through the chain ; the other will draw it up through the 
chain, and difcharge it through the cufliion, 

I fliould be glad if you would fend to my houfe for 
my fulphur globe, and the cufliion belonging to it, and 
make the trial ; but mutt caution you not to ufe chalk 
on the cufliion, fome fine powdered fulphur will do bet- 
ter. If, as I exped, you fliould find the globes to charge 
the prime condudor differently, I hope you will be able 
to difcover fome method of determining which it is that 
charges pofitively, 

1 m x &c. 

E. KINNERSLEY. 
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LETTER VIII. 

FROM 

Benj. F rank li Nj Efq- of Philadelphia , 

T O 

Mr E. Kinnersley, at Bofton. 

^ I March 2, 1752. 

I Thank you for the experiments communicated. I 
fent immediately for your brimflone globe, in order 
to make the trials you defired, but found it wanted 
centers, which I have not time now to fupply ; but the 
firft leifure I will get it fitted for ufe, try the experi- 
ments, and acquaint you with the refult. 

In the mean time I fufpect, that the different attractions 
and repulfions you obferved, proceeded rather from the 
greater or fmaller quantities of the fire you obtained from 
different bodies, than from its being of a different kind , 
or having a different direction. In hafte 

I am, &c. 

B. FRANKLIN. 
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L E T T E R IX. 

FROM 

Benj. Franklin, Efq\ of Philadelphia , 

t o 

Mr E. Kinnersley, at Bofton. 

SIR, March 16 , 1752 . 

H Aving brought your brimflone globe to work, 
I try’d one of the experiments you propofed, 
and was agreeably furprized to find, that the 
glafs globe being at one end of the conductor, and the 
fulphur globe at the other end, both globes in motion, no 
fpark could be obtain’d from the conductor, unlefs when 
one globe turned flower, or was not in fo good order as 
the other ; and then the fpark was only in proportion to 
the difference, fo that turning equally, or turning that 
flowed which work’d beft, would again bring the con- 
ductor to afford no fpark, 

I found alfo, that the wire of a phial charg’d by the 
glafs globe, attracted a cork ball that had touch’d the wire 
of a phial charged by the brimflone globe, and vice verfa , 

fo 
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l'o that the cork continued to play between the two phials 
juft as when one phial was charged through the wire, the 
other through the coating, by the glafs globe alone. And 
two phials charged, the one by the brimftone globe, the 
other by the glafs globe, would be both difcharged by 
bringing their wires together, and {hock the perfon hold- 
ing the phials. 

From thefe experiments, one may be certain that your 
2d, 3 d, and 4 th propofed experiments, would fucceed ex- 
adtly as you fuppofe, though I have not tried them, want- 
ing time. 1 imagine it is the glafs globe that charges 

pofitively, and the fulphur negatively, for thefe reafons, 
i. Though the fulphur globe feems to work equally well 
with the glafs one, yet it can never occafion fo large and 
diftant a {park between my knuckle and the conductor 
when the fulphur one is working, as when the glafs one 
is ufed j which, I fuppofe, is occafioned by this, that bo- 
dies of a certain bignefs, cannot fo eafily part with a 
quantity of eleftrical fluid they have and hold attracted 
within their fubftance, as they can receive an additional 
quantity upon their furface by way of atmofphere. There- 
fore fo much cannot be drawn out of the conductor, as 
can be thrown on it. 2. I obferve that the ftream or 
brufh of fire appearing at the end of a wire conne&ed 
with the conductor, is long, large, and much diverging, 
when the glafs globe is ufed, and makes a fnapping (or 
rattling) noife : but when the fulphur one is died, it is 
fhort, fmall, and makes a hiding noife ; and juft the re- 

verfe 



LETTERS on ELECTRICITY. 105 

verfe of both happens, when you hold the fame wire in 
your hand, and the globes are work’d -alternately : the 
brufh is large, long, diverging and fnapping for rattling) 
when the fulphur globe is turn’d ; fhort, fmall, and hilling, 
when the glafs globe is turn’d.-When the brufh is long, 
large, and much diverging, the body to which it joins, 
feems to me to be throwing the fire out ; and when the 
contrary appears, it feems to be drinking in. 3. I ob- 
ferve, that when I held my knuckle before the fulphur 
globe, while turning, the ftream of fire between my 
knuckle and the globe, feems to fpread on its furface, as 
if it flow’d from the finger ; on the glafs globe ’tis other- 
wife. 4. The cool wind (or what was call’d fo) that 
we ufed to feel as coming from an electrified point, is 
much more fenfible, when the glafs globe is ufed, than 
when the fulphur one. — But thefe arc hafty thoughts. 
As to your 5th paradox, it muft likewife be true, if the 
globes are alternately work’d ; but if work’d together, the 
fire will neither come up nor go down by the chain, be- 
caufe one globe will drink it as faft as the other pro- 
duces it. 

I fhould be glad to know whether the effedts would be 
contrary, if the glafs globe was folid, and the fulphur 
globe hollow ; but I have no means at prefent of trying. 

In your journeys, your glafs globes meet with acci- 
dents, and fuiphur ones are heavy and inconvenient. 
Query. Would not a thin plane of brimftone, caft on a 
board, ferve on occafion as a cufhion, while a globe of 

leather 
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leather Raff’d (properly mounted) might receive the fire 
fiom the fulphur, and charge the conductor pofitively ? 
Such a globe would be in no danger of breaking. I think 
I can conceive how it may be done ; but have not time 
to add more than that I am, 

Tours, &c. 

B. FRANKLIN. 



LETTER X. 

FROM 

Benj. Franklin, Efq\ of Philadelphia , 

Ott. 19, 1752. 

A S frequent mention is made in the news papers 
from Europe, of the fuccefs of the Philadelphia 
experiment for drawing the eleCtric fire from 
clouds by means of pointed rods of iron ereCted on high 
buildings, &c. it may be agreeable to inform the curious 
that the fame experiment has fucceeded in Philadelphia, 
though made in a different and more eafy manner, which 
is as follows. 

Make a fmall crofs of two light Rrips of cedar, the 

arms 
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arms fo long as to reach to the four corners of a large 
thin filk handkerchief when extended } tie the corners of 
he handkerchief to the extremities of the crofs, fo you 
have the body of a kite s which being properly accom- 
modated with a tail, loop, and firing, will me in the air, 
like thofe made of paper ; but this being of fil k is tter 
to bear the wind and wet of a thunder guff without tear- 
ing. To the top of the upright flick of the crofs is to 
be° fixed a very (harp pointed wire, rifing a foot or more 
above the wood. To the end of the twine, next the 
hand, is to be ty’d a filk ribbon, and where the filk and 
twine join, a key may be fafiened. This kite is to be 
raifed when a thunder guff appears to be coming on, and 
the perfon who holds the firing mufi Rand within a door, 
or window, or under fome cover, fo that the filk ribbon 
may not be wet; and care muR be taken that the twine 
does not touch the frame of the door or window. As 
foon as any of the thunder clouds come over the kite, the 
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the kite, with all the twine, will be electrified, and the 
loofe filaments of the twine will Rand out every way, and 
be attracted by an approaching finger. And when the rain 
has wet the kite and twine, fo that it can conduCt the 
eleCtric fire freely, you will find it Rream out plentifully 
from the key on the approach of yous knuckle. At this 
key the phial may be charged ; and from eleCtric fire thus 
obtained, fpirits may be kindled, and all the other eleCtric 
experiments be performed, which are ufually done by the 



help 
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help of a rubbed gtaft globe or tube; and ^ 

famenefs of the eledric matter with that of lighting 
compleahy demonftrated. a 

B. F, 



letter XI. 

FROM 

Benj. Franklin, E% of Philadelphia, 

A S you tell me our friend Cave is about to add 
fome later experiments to my pamphlet, with the 
E> i at ci) I fend a copy of a letter from Dr Coldeji , 
which may help to fill a few pages j alfo my kite experi- 
ment in the Penfylvania Gazette : to which I have no- 
thing new to add, except the following experiment to- 
wards difeovering more of the qualities of the ele&ric 
fluid. From the prime conductor, hang a bullet by a 
wire hook ; under the bullet, at half an inch diflance, 
place a bright piece of filver to receive the fparks j then 
let the wheel be turned, and in a few minutes (if the 
repeated fparks continually ftrike in the fame fpot) the 
filver will receive a blue ftain, near the colour of a watch 
fpring. A bright piece of iron will alfo be fpotted, but 
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not with that colour : it rather feems to be corroded. On 
gold, brafs, or tin, I have not perceived that it makes any 
imprefiion. But the fpots on the filver or iron will be 
the fame, whether the bullet be lead, brafs, gold, or filver. 
On a filver bullet there will alfo appear a fmali fpot, as 
well as in the plate below it. 

One Mr Watts promifed in the Magazine , to write 
fomething on el ect ricity ; I have not yet feen it ad- 
vertifed. 




FINIS. 
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Additional ERRATA mVzrt I. to the print- 
ed Electrical Papers. By B. Franklin. 

P AGE 38, line 2, read, reprefented by A and B 

Fig. 6 . 

Page 40, line 7. r. repulfion. 

Page 65, 1 . 19. r. Aqua Regia. 

Page 70, 1 . 6. r. rubbed. 

Fig. VI. in the plate, wants the referring letters A, B, 
C, D. In the copy that Fig. was mentioned as a profile 
of a piece of water, the little circles reprefenting particles. 
The two upper circles were mark’d A and B, and two 
others in the under line or row C and D. A s it Hand 
j’tis wholly unintelligible. 

Page 73, 1 . 17. r. air. 

Page 74, 1 . 7. r. eleSlrical. 

Page 8 1, 1 . 3. place a comma at condud, and dele com- 
ma at floor. 

Page 85. 1 . 5. r. difcharged. line 13. r. p. 24, 

Page 86, 1 . 20. r. after one , 
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LETTER xii. 

FROM 

Benj. Franklin, Efq\ of Philadelphia. 

T O 

Peter Collinson, Efq\ F. R. S. London . 

SIR , Philadelphia , September 1753. 

I N my former paper on this fubjedt, wrote firft in i 747 > 
enlarged and fent to England in 1 749, I confidered 
the fea as the grand fource of lightning ; imagining its 
luminous appearance to be owing to electric fire, produc d 
by fridtion between the particles of water and thofe of fait. 
Living far from the fea, I had then no opportunity of mak- 
ing experiments on the fea water, and fo embrac’d this 
opinion too haftily. 

For in 1750 and 1751, being occafionally on the fea 
coaft, I found, by experiments, that fea water in a bottle, 
tho’ at firft it would by agitation appear luminous, yet in 
a few hours it loft that virtue j hence , and from this, that I 
could not by agitating a folution of fea fait in water pro- 

duce 
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JUC= any lighe I firft began t0 ^ rf 

. ' he f - '° f “ f P ea *e luminous appeara„ ce X 

■ , , mu< ! be °™g to feme other principles. 

then confidered whether it were not poffible that the 

patttdes of air being ejedries^/e, might, in hard gales 

win y their friaion againft trees, hills, buildings 

c.a fo many minute eledric globes, rubbing againft non- 
eleflnc cuftuons, draw the ebdric fire from the earth t and 
that the nfing vapours might receive that fire from the 
air, and by fuch means the clouds become eledrified. 

> ^ were *~ 0> ^ imagined that by forcing a conftant 
violent ftream of air againft my prime conductor, by bel- 
lows, I fliould eledrify it negatively •, the rubbing parti- 
cles of air, drawing from it part of its natural quantity of 
the eledric fluid. I accordingly made the experiment, 
but it did not fucceed. 

In September 1752, I ereded an iron rod to draw the 
lightning down into my houfe, in order to makefome ex- 
periments on it, with two bells to give notice when the 
rod fliould be eledrify’d : A contrivance obvious to every 

eledrician. 

I found the bells rang fometimes when there was no 
lightning or thunder, but only a dark cloud over the rod; 
that fometimes after a flafli of lightning they would fud- 
denly flop; and at other times, when they had not rang 
before, they would, after a flafli, fuddenly begin to ring ; 
that the eledricity was fometimes very faint, fo that when 

a fmall 
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a fmall fpark was obtain’d, another could not be got for 
fometime after; at other times the fparks would follow ex- 
tremely quick, and once I had a continual ftream from 
bell to bell, the fize of a crow-quill : Even during the 
fame guft there were conflderable variations. 

In the winter following I conceived an experiment, to 
try whether the clouds were eledrify’d pofitively , or nega- 
tively ; but my pointed rod, with its apparatus, becoming 
out of order, 1 did not refit it till towards the fpring, when 
I expeded the warm weather would bring on more fre- 
quent thunder-clouds. 

The experiment was this: To take two phials j charge 
one of them with lightning from the iron rod, and give the 
other an equal charge by the eledric glafs globe, thro’ the 
prime condudor : When charg’d, to place them on a table 
within three or four inches of each other, a fmall cork ball 
being fufpended by a fine filk thread from the ceiling, fo as 
it might play between the wires. If both bottles then were 
eledrifyed pofitively y the ball being attraded and repell’d 
by one, muft be alfo repell’d by the other. If the one 
pofitively , and the other negatively - y then the ball would 
be attraded and repell’d alternately by each, and continue 
to play between them as long as any conflderable charge 
remained. 

Being very intent on making this experiment, it was no 
fmall mortification to me, that I happened to be abroad 
during two of the greateft thunder- ftorms we had early in 
the fpring; and tho’ I had given orders in my family, that 

Q.2 jf 
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if the bells rang when I was from home, they fhould catch 
fome of the lightning for me in eleClrical phials, and they 
did fo ; yet it was moftly diffipated before my return ; and 
in fome of the other gufts, the quantity of lightning I was 
able to obtain, was fo fmall, and the charge fo weak, that 
I could not fatisfy myfelf : Yet I fometimes faw what 
heighten d my fufpicious and inflam’d my curiofity. 

At laft, on the 12 th of April 17^3, there being a fmart 
guft of fome continuance, I charg’d one phial pretty well 
with lightning, and the other equally, as near as I could 
judge, with electricity from my glafs globe ; and having 
plac d them properly, I beheld, with great furprize and 
pleafure, the cork ball play brifldy between them ; and 
was convinc’d that one bottle was eleCtrifed negatively. 

I repeated this experiment feveral times during the guft, 
and in eight fucceeding gufts, always with the fame fuc- 
cefs and being of opinion (for reafons I formerly gave in 
my letter to Mr Kinnerjley , fince printed in London ) that 
the glafs globe eleCtrifes pofitively ; I concluded that the 
clouds are always eleCtrifed negatively, or have always in 
them lefs than their natural quantity of the eleCtric fluid. 

Yet notwithftanding fo many experiments, it feems J 
concluded too foon ; for at laft, “June the 6th, in a guft 
which continued from five o’clock, P. M. to 7, I met 
with one cloud that was eleCtrifed pofitively, tho’ feveral 
that pafs’d over my rod before, during the fame guft, were 
in the negative ftate. This was thus difeovered : 



I had 
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I had another concurring experiment, which I often re- 
peated to prove the negative ftate of the clouds, vtz. 
While the bells were ringing, I took the phial charg t 
from the glafs globe, and apply’d its wire to the eroded 
rod - confidering, that if the clouds were eleCtriled pofitive- 
ly the rod, which received its electricity from them, muft be 
fo too- and then the additional pofitive eletfricity of the phial 
would make the bells ring fafter :-But, if the clouds were 
in a negative ftate, they muft exhauft the eleCtnc fluid 
from my rod, and bring that into the fame negative ftate 
with themfelves ; and then the wire of a pofitively charg’d 
phial, fupplying the rod with what it wanted (which it 
was oblig’d otherwife to draw from the earth by means of 
the pendulous brafs ball playing between the two bells) 
the ringing would ceafe till the bottle was difeharg’d. 

In this manner I quite difeharged into the rod feveral 
phials that were charged from the glafs globe, the eleCtric 
fluid ftreaming from the wire to the rod, ’till the wire 
j would receive no fpark from the finger; and during this 
fupply to the rod from the phial, the bells ftopt ringing ; 
but by continuing the application of the phial wire to the 
rod, I exhaufted the natural quantity from the infide fur- 
face of the fame phials, or, as I call it, charg’d them ne- 
gatively. 

At length, while I was charging a phial by my glals 
globe, to repeat this experiment, my bells, of themfelves, 
ftopt ringing, and, after fome paufe, began to ring again. 
— But now, when I approached the wire of the charg’d 

Q 3 phial 
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pnial to the rod, inftead of the ufual ftream that I expec- 
ted from the w« to the rod, there was no fpark ; not even 
when 1 brought the wire and the rod to touch, yet "" 
bells continued ringing vigoroufly • which prov’d to me 
. the roa was then poftivefy eletf rify’d, as well as the 
wire cu the phial, and equally fo, and confequently, that 
the particular cloud then over the rod, was in the fame 
pofitive hate. This was near the end of the guft. 

But this was a Angle experiment, which however de- 
hroys my firft too general conclufion, and reduces me to 
this: That the clouds of a thunder-guft are moft commonly in 

a negative ft ate of eledlricity , , but fometimes in a pofitive 
fate. tJ 

The latter I believe is rare, for tho’ I foon after the 
laft experiment, fet out on a journey to Bofton, and was 
from home moft part of the fummer, which prevented 
my making farther trials and obfervations , yet Mr Kin- 
nerfey returning from the iflands juft as I left home, pur- 
g’d the experiments during my abfence, and informs me 
that he always found the clouds in the negative ftate. 

So that, for the moft part, in thunder-ftrokes, ’tis the 
earth that flrikes into the clouds , and not the clouds that ftrike 
into the earth. 

Thofe who are vers’d in eleCtric experiments, will eafily 
conceive, that the effeCts and appearances muft be nearly 
the lame in either cafe ; the fame explolion, and the fame 
flafh between one cloud and another, and between the 

clouds 
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clouds and mountains, &c. the fame rending of trees, walls, 
&c. which the elcCtric fluid meets with in its paliage, and 
the fame fatal Ihock to animal bodies , and that pointed 
rods fix’d on buildings, or malts of Ihips, and communicat- 
ing with the earth or fea, muft be of the fame fervice in 
reftoring the equilibrium filentiy between the earth and 
clouds, or in conducting a flalh or ftroke, if one Ihould be, 
fo as to fave harmlefs the houfe or veffel : For points have 
equal power to throw off, as to draw on the eleCtric fire, 
and rods will conduCt up as well as down. 

But tho’ the light gain’d from thefe experiments makes 
no altration in the practice, it makes a confiderable one in 
the theory. And now we as much need an hypothefis to 
explain by what means the clouds become negatively, as 
before to Ihew how they became pofitively electrified. 

I cannot forbear venturing fome few conjectures on this 
occalion : They are what occur to me at prefent ; and tho’ 
future difeoveries Ihould prove them not wholly right, yet 
they may in the mean time be of fome ufe, by ftirring up 
the curious to make more experiments, and occalion more 
exaCt difquifitions. 

I conceive then, that this globe of earth and water, 
with its plants, animals and buildings, have, diffus’d 
throughout their fubftance, a quantity of the eleCtric fluid, 

juft as much as they can contain, which I call the natural 

quantity. 

That this natural quantity is not the fame in all kinds of 
common matter under the fame dimenfions, nor in the 

fame 



1 1 8 Mr B. FRANKLIN 

fame kind of common matter in all circumftances? but 
a folid foot, tor infrance, of one kind of common mat- 
ter, may contain more of the eledric fluid than a folid 
foot of lome other kind of common matter? and a pound 
weight of the fame kind of common matter may, when 
in a rarer ftate, contain more of the eleCtric fluid than when 
in a denfer ftate. 

For the eleCtric fluid, being attraded by any portion of 
common matter, the parts of that fluid (which have among 
themfelves a mutual repulfion) are brought lb near to each 
other by the attraction of the common matter that abforbs 
them, as that their repulfion is equal to the condenfing 
power of attraction in common matter; and then fuch 
portion of common matter will abforb no more. 

Bodies of different kinds having thus attracted and ab- 
forb’d what I call their natural quantity , i. e. juft as much 
of the eleCtric fluid as is fuited to their circumftances of 
denfity, rarity, and power of attracting, do not then fhow 
any figns of electricity among each other. 

And if more eleCtric fluid be added to one of thefe bo- 
dies, it does not enter, but fpreads on the furface, forming 
an atmofphere; and then fuch body Ihows figns of elec- 
tricity. 

I have in a former paper compar’d common matter to 
a fponge, and the eleCtric fluid to water : I beg leave once 
more to make ufe of the fame comparifon, to illuftrate far- 
ther my meaning in this particular. 



When 
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When a fponge is fomewhat condens d by bein B fqueez 
ed between thefingers, it will not receive and ream fo much 
water as when in its more loofe and open ftate. 

If more fqueez’d and condens’d, fome of the water wil 
come out of its inner parts, and flow on the furface. 

If the preffure of the fingers be intirely removed, the 
fponge will not only refume what was lately forced out, 

but attract an additional quantity. 

As the fponge in its rarer ftate will naturally attract and 

abforb more water, and in its denfer ftate will naturally at- 
traCt and abforb lefs water? we may call the quantity it at- 
tracts and abforbs in either ftate, its natural quantity , the 



the eleCtric fluid. 

When a portion of water is in its common denfe ftate, 
it can hold no more eleCtric fluid than it has ? if any be 
added, it fpreads on the furface. 

When the fame portion of water is rarify’d into vapour, 
and forms a cloud, it is then capable of receiving and ab- 
forbing a much greater quantity? there is room for each 
particle to have an eleCtric atmofphere. 

Thus water, in its rarify’d ftate, or in the form of a 
cloud, will be in a negative ftate of electricity ? it will have 
lefs than its natural quantity ? that is, lefs than it is natu- 
rally capable of attracting and abforbing in that ftate. 

Such a cloud, then, coming fo near the earth as to be 
within the ftriking diftance, will receive from the earth a 

R flafti 
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“ ft'l C “ Uid > Which 10 fupply a „ rcat 

xtent of cloud, rouft fometimes contain a verv 
uty of that fluid. y B reat qoan- 

Or fuch a cloud, pafling over woods of tall trees, m „ 

Irom the pomts and tharp edges of their moift top leaves' 
receive filently Tome fupply. y 

A cloud being by any means fupply’d from the earth 
may ftnke into other clouds that have not been fupply’d or 
not fo much fupply’d; and thofe to others, till an equi- 
librium is produc’d among all the clouds that are within 
ftnking diftance of each other. 

The cloud thus fupply’d, having parted with much of 
what it firft receiv’d, may require and receive a frefh fup- 
ply from the earth, or from fome other cloud, which by 
the wind is brought into fuch a fituation as to receive it 
more readily from the earth. 

Hence repeated, and continual ftrokes and flafhes till 
the clouds have all got nearly their natural quantity as 
clouds; or till they have defeended in fhowers, and are 
united again with this terraqueous globe, their original. 

Thus thunder-clouds are generally in a negative ftate of 
eledricity compar’d with the earth, agreeable to moft of 
our experiments ; yet as by one experiment we found a 
cloud eledris’d pofitively; I conjedure that, in that cafe, 
fuch cloud, after having received what was, in its rare 
date, only its natural quantity, became comprefs’d by the 
driving winds, or fome other means, fo that part of what 
it had abforb’d was forc’d out, and form’d an eledric at- 
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mofphere around it in its denfer date. Hence it was ca- 
pable of communicating pofitive eledricity to my rod. 

To (how that a body in different circumftances of di- 
latation and contradion is capable of receiving and le— 
taining more or lefs of the eledric fluid on its furface, I 
would relate the following experiment. I placed a clean 
wine glafs on the floor, and on it a fmall filver can. In 
the can I put about three yards of brafs chain ; to one 
end of which I faftened a filk thread, which went right 
up to the deling, where it palled over a pulley, and came 
down again to my hand, that I might at pleafure draw 
the chain up out of the can, extending it till within a 
foot of the deling, and let it gradually fink into the can 

again. From the cieling, by another thread of fine 

raw filk, I fufpended a fmall light lock of cotton, fo as 
that when it hung perpendicularly, it came in contad 
with the fide of the can. - - T hen approaching the wire 
of a charged vial to the can, I gave it a fpark, which 
flow’d round it in an eledric atmofphere ; and the lock 
of cotton was repelled from the fide of the can to the 
diftance of about nine or ten inches. The can would 
not then receive another fpark from the wire of the vial ; 
but as I gradually drew up the chain, the atmofphere of 
the can diminifh d by flowing over the rifing chain, and 
the lock of cotton accordingly drew nearer and nearer to 
the can; and then, if I again brought the vial wire near 
the can, it would receive another fpark, and the cotton 
fly off again to its firft diftance , and thus, as the chain 

Ra 
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was drawn higher, the can would receive more fparks : 
becaufe the can and extended chain were capable of fun* 
porting a greater atmofphere than the can with the chain 

gather’d up into its belly, And that the atmofphere 

round the can was dirniniffied by raifing the chain, and 
increased again by lowering it, is not only agreeable to 
reafon, fince the atmofphere of the chain muft be drawn 
from that of the can, when it rofe, and returned to it 
again when it fell j but was alfo evident to the eye, the 
lock of cotton always approaching the can when the 

chain was drawn up, and receding when it was let down 
again. 

Thus-we fee that increafe of furface makes a body ca- 
pable of receiving a greater eledtric atmofphere : But 
tnis experiment does not, I own, fully demonftrate mv 
new hypothecs ; for the brafs and filver Bill continue in 
their folid Bate, and are not rarified into vapour, as the 
water is in clouds. Perhaps fome future experiments on 
vapourized water may fet this matter in a clearer light. 

One feemingly material objection arifes to the new hy- 
pothecs, and it is this. If water, in its rarified ftate, as 
a cloud, requires, and will abforb more of the eledtric 
fluid than when in its denfe ftate as water, why does it 
not acquire from the earth all it wants at the inftant of its 
leaving the furface, while it is yet near, and but juft ri- 
ling in vapour? To this difficulty I own I cannot at pre- 
lent give a folution fatisfadtory to myfelfi: I thought, 

how- 
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however, that I ought to ftate it in its full force, as 1 
have done, and fubmit the whole to examination. 

And I would beg leave to recommend it to the curious 
in this branch of natural philofophy, to repeat with care 
and accurate obfervation, the experiments I have report- 
ed in this and former papers relating to pofitive and negative 
electricity, with fuch other relative ones as lhall occur t® 
to them, that it may be certainly known whether the e- 
ledtricity communicated by a glafs globe, be really pofitive. 
And alfo I would requeft all who may have an opportuni- 
ty of obferving the recent effedts of lightning on buildings, 
trees, &c. that they would confider them particularly 
with a view to difeover the diredtion. But in thele ex- 
aminations, this one thing is always to be underftood, viz. 
that a ftream of the eledric fluid paffing thro’ wood, brick, 
m«al,©V. while fuch fluid pafles in fmall quantity , the mu- 
tually repulfive power of its parts is confined and overcome 
by the cohefion of the parts of the body it pafles through, 
fo as to prevent an explofion } but when the fluid comes 
in a quantity too great to be confin’d by fuch cohefion, it 
explodes, and rends or fufes the body that endeavour’d to 
confine it. If it be wood, brick, ftone, or the like, the 
fplinters will flie off on that fide where there is leaft re- 
fiftance. And thus, when a whole is ftruck thro’ pafte-board 
by the eledtrify’d jar, if the furfaces of the pafte-board 
are not confin’d or comprefs’d, there will be a bur rais’d 
all round the hole on both fides the pafteboard ; but if one 
fide be confin’d, fo that the bur cannot be rais’d on that 

fide, 
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fide, it will be all rais’d on the other, which way foever the 
nuid was directed. For the bur round the outfide of the 
hole, is the effed of the explolion every way from the 
center of the dream, and not an eft'edof the diredion. 

In every droke of lightning, I am of opinion that the 
dream of the eledric fluid, moving to redore the equilibri- 
um between the cloud and the earth, does always previ- 
oufly find its paflage, and mark out, as I may fay, its own 
courfe, taking in its way all the condudors it can find ; fuch 
as metals, damp walls, moift wood, &c. and will go confi- 
derably out of a dired courfe, for the fake of the affiftance 
of good condudors ; and that, in this courfe, it is adually 
moving, tho’ filently and imperceptibly, before the explo- 
fion, in and among the condudors ; which explolion hap- 
pens only when the condudors cannot difcharge it as fall 
as they receive it, by reafon of their being incompleat, dis- 
united, too finall, or not of the bell materials for condud- 
ing. Metalline rods, therefore, of fufficient thicknefs, and 
extending from the highelt part of an edifice to the ground, 
being of the bed materials and compleat condudors, will, 
I think, fecure the building from damage ; either by redor- 
ing the equilibrium fo fad as to prevent a droke, or by con- 
duding it in the fubdance of the rod as far as the rod goes, 
fo that there lhall be no explolion but what is above its 
point, between that and the clouds. 

If it be afk’d, what thicknefs of a metalline rod may be 
fuppos’d fufficient ? In anfwer, I would remark, that five 
large glafs jars, fuch as I have defcribed in my former pa- 
pers. 
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pers, difcharge a very great quantity of eledricy, which 
neverthelefs will be all conduded round the corner of a 
book, by the fine filleting of gold on the cover, it follow- 
ing the gold the farthed way about, rather than take the 
Ihorter courfe through the cover, that not being fo good a 
condudor. Now in this line of gold the metal is fo ex- 
tremely thin as to be little more than the colour of gold, 
and on an odavo book is not in the whole an inch fquare, 
and therefore not the 36th part of a grain according to 
M. Reaumur j yet ’tis fufficient to condud the charge of 
5 large jars, and how many more I know not. Now, 
I fuppofe a wire of ^ inch diameter to contain about 5000 
times as much metal as there is in that gold line, and if 
fo, it will condud the charge of 25,000 fuch glafs jarrs, 
which is a quantity, I imagine, far beyond what was e- 
ver contain’d in any one droke of natural lightning. But 
arod of half an inch diameter would condud four times as 
much as one of a quarter. 

And with regard to conduding ; tho’ a certain thick- 
nefs of metal be required to condud a great quantity of 
eledricity, and, at the fame time, keep its own fubdance 
firm and unfeparated ; and a lefs quantity, as a very fmall 
wire for indance, will be dedroy’d by the explofion ; yet 
fuch fmall wire will have anfwer’d the end of conduding 
that droKe, tho it become incapable of conduding ano- 
ther. And confidering the extream rapidity with which 
the eledric fluid moves without exploding, when it has a 
iree paflage, or compleat metal communication, I flhould 

think 
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think a vaft quantity would be conduced in a fliort time 
either to or from a cloud, to reftore its equilibrium with 
the earth, by means of a very fmall wire ; and therefore 
thick rods (hould feem not fo neceffary .—However, as the 
quantity of lightning difcharg’d in one ftroke cannot well 
be meafured, and, in different ftrokes, is certainly very va- 
rious, in fome much greater than others ; and as iron (the 
beft metal for the purpofe, being lead: apt to fufe) is cheap, 
it may be well enough to provide a larger canal to guide 
that impetuous blaft, than we imagine neceifary : For, 
though one middling wire may be fufficient, two or three 
can do no harm. And time, with careful obfervations 
well compar’d, will at length point out the proper fize to 
greater certainty. 

Pointed rods ereCted on edifices may likewife often pre- 
vent a ftroke, in the following manner. An eye fo fitu- 
ated as to view horizontally the under fide of a thunder 
cloud, will fee it very ragged, with a number of feparate 
fragments, or petty clouds, one under another, the loweft 
fometimes not far from the earth. Thefe, as fo many 
ftepping- (tones, aflift in conducting a ftroke between the 
cloud and a building. To reprefent thefe by an experi- 
ment, take two or three locks of fine loofe cotton, con- 
ned one of them with the prime conductor by a fine 
thread of two inches, (which may be fpun out of the 
fame lock by the fingers) another to that, and the third 
to the fecond, by like threads.— Turn the globe, and you 



Letters gu Electricity. 127 

will fee thefe locks extend themfelves towards the table, 
(as the lower fmall clouds do towards the earth) being at- 
tracted by it: But on prefenting a fharp point ereCl under 
the loweft, it will fhrink up to the fecond, the fecond to 
the firft, and all together to the prime conductor, where 
they will continue as long as the point continues under 
them. May not, in like manner, the fmall eleCtrifed 
clouds, whofe equilibrium with the earth is foon reftor’d 
by the point, rife up to the main body, and by that means 
occafion fo large a vacancy, as that the grand cloud cannot 
ftrike in that place? 

Thefe thoughts, my dear friend, are many of them 
crude and hafty; and if I were merely ambitious of acquir- 
ing fome reputation in philofophy, I ought to keep them 
by me, till corrected and improved by time and farther 
experience. But fince even (hort hints, and imperfect ex- 
periments in any new branch of (cience, being communi- 
cated, have oftentimes a good effeCt, in exciting the atten- 
tion of the ingenious to the fubjeCt, and fo become the 
occafion of more exaCt difquilitions, and more compleat 
difcoveries. You are at liberty to communicate this paper 
to whom you pleafe; it being of more importance that 
knowledge fhould increafe, than that your friend fhould 
be thought an accurate philofopher. 
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letter XIII. 

FROM 

Benjamin Franklin, E/q; at Philadelphia. 

T O 

Peter Collinson, Efq\ F. R. S. at London. 

SIR, April 1 8, 1754. 

S INCE September laft, having been abroad on two 
Jong journeys, and otherwife much engag’d, I have 
made but few obfervations on the pofitive and negative 
Rate of electricity in the clouds. But Mr Kinnerjley kept 
his rod and bells in good order, and has made many. 

Once this winter the bells rang a long time, during a 
fall of fnow, tho’ no thunder was heard or lightning feen. 
Sometimes the flafhes and cracks of the eledric matter be- 
tween bell and bell were fo large and loud, as to be heard 
all over the houfe: but by all his obfervations, the 
clouds were conftantly in a negative Rate, till about fix 
weeks ago, when he found them once to change in a few 
minutes from the negative to the pofitive. About a fort- 
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night after that he made another obfervation of the fame 
kind ; and laft Monday afternoon, the wind blowing hard 
at S. E. and veering round to N. E. with many thick driv- 
ing clouds, there were five or fix fucceffive changes from 
negative to pofitive, and from pofitive to negative, the 
bells flopping a minute or two between every change. 
Befides the methods mentioned in my paper of September 
laft, of difcovering the eledrical ftate of the clouds, the fol- 
lowing may be us’d. When your bells are ringing, pafs a 
rubb’d tube by the edge of the bell, connected with your 
pointed rod: if the cloud is then in a negative ftate, the 
ringing will flop; if in a pofitive ftate, it will continue, 
and perhaps be quicker. Or, fufpend a very fmall cork- 
ball by a fine filk thread, fo that it may hang clofe to the 
edge of the rod-bell : then whenever the bell is eledrified, 
whether pofitively or negatively, the little ball will be re- 
pell’d, and continue at fome diftance from the bell. Have 
ready a round-headed glafs ftopper of a decanter, rub it 
on your fide ’till it is eledrified, then prefent it to the 
cork-ball. If the eledricity in the ball is pofitive, it will 
be repell’d from the glafs ftopper as well as from the bell. 
If negative, it will fly to the ftopper. 

S 2 
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Remarks 

On the Abbe NOLLET’s 

Letters on Electricity. 

T O 

Benj. Franklin, Efq-, of Philadelphia. 

B Y 

Mr David Col den, of New-Vork, 

SIR, Coldenham , in N. York, Dec. 4, 175^. 

I N confidering the Abbe No l let’s letters to Mr Frank- 
lin, I am obliged to pafs by all the experiments which 
are made with, or in, bottles hermetically fealed, or 
exhaufted of air ; becaufe, not being able to repeat the 
experiments, I could not fecond any thing, which occurs 
to me thereon, by experimental proof. Wherefore, the 
point wherein I can dare to give my opinion, is in 
the Abbe’s 4th letter, p. 66 , where he undertakes to prove, 
that the eledtric matter paffes from one furface to another 
through the intire thicknefs of the glafs : He takes Mr 
Franklin's experiment of the magical pi&ure, and writes 
thus of it. When you eledtrife a pane of glafs coated 

on 
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on both fides with metal, it is evident that whatever is 
« placed on the fide oppofite to that which receives the 
“ eledtricity from the condudtor, receives alfo an evident 
“ eledtrical virtue.” Which Mr Franklin fays, is that e- 
qual quantity of eledtric matter, driven out of this fide, 
by what is received from the condudtor on the other fide j 
and which will continue to give an eledtrical virtue, to 
any thing in contadt with it, till it is entirely difcharged 
of its eledtrical fire. To which the Abbe thus objedts : 

“ Tell me, fays he, I pray you, how much time is ne- 
“ celfary for this pretended difcharge ? I can allure you, 

“ that after having maintain’d the eledtrifation for hours, 

“ this furface, which ought, as it feems to me, to be en- 
<c tirely difcharged of its eledtrical matter, confidering ei- 
“ ther the vaft number of fparks that were drawn from it, 

“ or the time that this matter had been expofed to the adtion 
<c of the expulfive caufe j this furface, I fay, appeared ra- 
c< ther better eledlrifed thereby, and more proper to pro- 
“ duce all the effedts of an adtual eledtric body.” p. 68. 

The Abbe does not tell us what thofe effedts were : all 
the effedts I could never obferve, and thofe that are to 
be obferved can eafily be accounted for, by fuppofing that 
fide to be entirely deltitute of eledtric matter. The molt 
fenfible effedt of a body charged with eledtricity is, that 
when you prefent your finger to it, a fpark will ilfue from 
it to your finger : Now when a phial, prepared for the 
Leyden experiment, is hung to the gun-barrel or prime- 
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conductor, and you turn the globe in order to charge it{ 
as foon as the eledric matter is excited, you can obferve a 
fpark to iflue from the external furface of the phial to 
your finger ; which, Mr Franklin fays, is the natural eledric 
matter of the glafs driven out by that received by tire in- 
ner mrface fiom the condudor. If it be only drawn out 
by {parks, a vaft number of them may be drawn; but if 
you take hold of the external furface with your hand, the 
phial will foon receive all the eledric matter it is capable of, 
and the outfide will then be entirely deftitute of its eledric 
matter, and no fpark can be drawn from it by the finger : 
here then is a want of that effed which all bodies, charged 
with eledricity, have. Some of the effeds of an eledric 
body, which I fuppofe the Abbe has obferved in the ex- 
terior furface of a charged phial, are that all light bodies 
are attraded by it. This is an effed which I have con- 
ftantly obferved, but do not think that it proceeds from 
an attradive quality in the exterior furface of the phial, 
but in thofe light bodies themfelves, which feem to be at- 
tracted by the phial. It is a conftant obfervation, that 
when one body has a greater charge of eledric matter in 
it than another (that is in proportion to the quantity they 
will hold) this body will attrad that which has lefs : Now, 
I fuppofe, and it is a part of Mr Franklin’s fyftem, that 
all thofe light bodies which appear to be attraded, have 
more eledric matter in them than the external furface of 
the phial has, wherefore they endeavour to attrad the 
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phial to them, which is too heavy to be moved by the 
Email degree of force they exert, and yet being greater 
than their own weight, moves them to the phial. The 
following experiment will help the imagination in con- 
ceiving this. Sufpend a cork ball, or a feather by a filk 
thread and eledrife it, then bring this ball nigh to any 
fixed body, and it will appear to be attraded by that bo- 
dy, for it will fly to it : Nowg by the content of eledri- 
cians, the attradive caufe is in toe ball Jticlf) and not 
in the fixed body to which it flies : This is a fimilar cafe 
with the apparent attradion of light bodies, to the external 
furface of a charged phial. 

The Abbe fays, f. 69. <c that he can eledrife a hundred 
men, ftanding on wax, if they hold hands, and if one of 
them touch one of thefe furfaces (the exterior) with the 
end of his finger” : This 1 know he can, while the phial is 
charging, but after the phial is charged I am as certain he 
cannot: That is, hang a phial, prepared for the Leyden 
experiment, to the condudor, and let a man, Handing on 
the floor, touch the coating with his finger, while the globe 
is turn’d, till the eledric matter fpew's out of the hook of 
the phial, or fome part of the condudor, which I take to 
be the certaineft fign that the phial has received all the e- 
ledric matter it can : after this appears, let the man, who 
before flood on the floor, flep on a cake of wax, where 
he may Hand for hours, and the globe all that time turn- 
ed, and yet have no appearance of being eledriled. Af- 
ter 
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ter the eledric matter was fpewed out as above from the 
hook of a phial, prepared for the Leyden experiment, I 
lung another phial, in like manner prepared, to a hook fix- 
ed in the coating of the firfl, and held this other phial in 
my hand; now if there was any eledric matter tranfmit- 
ted thro’ the glafs of the firfl phial, the fecond one would 
certainly receive and colled it; but having kept the phials 
in this fituation for a confiderable time, during which the 
globe was continually turned, I could not perceive that the 
fecond phial was in the lead charged, for when I touch- 
ed the hook with my finger, as in the Leyden experiment, 
I did not reel the leaft commotion, nor perceive any fpark 
to iflue from the hook. 

I likewife made the following experiment. Having 
charged two phials (prepared for the Leyden experiment) 
through theii hooks; two perlons took each one of thefe 
phials in their hand, one held his phial by the coating, the 
other by the hook, which he could do by removing the com- 
munication from the bottom before he took hold of the hook. 
Thefe perfons placed themfelves, one on each fide of me, 
while I flood on a cake of wax, and took hold of the hook 
of that phial which was held by its coating (upon which 
a fpark iflued, but the phial was not difcharged, as I flood 
on wax) keeping hold of the hook, I touched the coat- 
ing of the phial that was held by its hook with my other 
hand ; upon which there was a large fpark to be feen be- 
tween my finger and the coating, and both phials were 

inflantly 
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inflantly difcharged. If the Abbe’s opinion be right, that 
the exterior furface, communicating with the coating, is 
charged, as well as the interior, communicating with the 
hook; how can I, who Hand on wax, difcharge both thefe 
phials, when it is well known I could not difcharge 
one of them fingly? Nay, fuppofe I have drawn the elec- 
tric matter from both of them, what becomes of it? For 
I appear to have no additional quantity in me when the ex- 
periment is over,and I have not flirr’d off the wax : Where- 
fore this experiment fully convinces me, that the exterior 
furface is not charged ; and not only fo, but that it wants 
as much eledtric matter as the inner has of excels: For bv 
this fuppofition, which is a part of Mr Frank/in’s fyflem, 
the above experiment is eafily accounted for, as follows : 
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tTkesfrom me '’ f b ° th ai ’ e applied ’ the coati «g 
takes £ om one what the hook gives: Thus I receive th! 

fire from the firft phial at B, the exterior furface of which 

1S U , PP ^ TOm the Iland at A: I give the fire to the fe- 
cond phial at C, whofe interior furface is difcharged by 

, 6 ‘ land at D * This difchar S e at D may be made evident 
by receiving that fire into the hook of a third phial, which 

18 done thus: In place of taking the hook of the fecond 
phial in your hand, run the wire of a third phial-, prepared 
as for the Leyden experiment, through it, and hold this third 
phial in your hand, the fecond one hanging to it, by the 
ends of the hooks run through each other: When the ex- 
periment is performed, this third phial receives the fire at 
D, and will be charged. When this experiment is confix 
dered, .1 think, it mull fully prove that the exterior furface 
of a charged phial wants eledtric matter, while the inner 
furface has an excefs of it. One thing more, worthy of 
notice in this experiment is, that 1 feel no commotion or 
fhock in my arms, tho’ fo great a quantity of eledtric mat- 
ter pafles through them inftantaneoufiy : I only feel a prick- 
ling in the ends of my fingers. This makes me think the 
Abbe has miftook, when he fays, that there is no difference 
between the fhock felt in performing the Leyden experi- 
ment, and the prickling felt on drawing fimple fparks, ex- 
cept that of greater to lefs. In the laft experiment, as much 
eledtric matter went through my arms, as would have given 
me a very fenfible fhock, had there been an immediate com- 

mu- 
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municaibn, by my arms, from the hook to the coating of 
the fame phial? becaufe when it was taken into a third 
phial, and that phial difcharged fxngly thro’ my arms, it 
gave me a fenfible fhock. If thefe experiments prove that 
the eledtric matter does not pafs through the intire thick- 
nefs of the glafsj it is a neceffary confequence that it mufl 
always come out where it enter’d. 

The next thing I meet with, is in the Abbe’s fifth letter 
p. 88, where he differs from Mr Franklin , who thinks 
that the whole power of giving a fhock is in the glafs it- 
felf, and not in the non-eledtrics'; in contadt with it. The 
experiments which Mr Franklin gave to prove this opini- 
on in his Experiments and Obfervations on FleSlricity y 
Letter III. p. 24. convinced me that he was in the right; 
and what the Abbe has afferted in contradiction thereto, 
has not made me think otherwife. The Abbe perceiving, 
as I fuppofe, that the experiments, as Mr Franklin had 
perform’d them, mull prove his aifertion • alters them 
without giving any reafon for it, and makes them in a 
manner that proves nothing, Why will he have the phial, 
into which the water is to be decanted from a charged 
phial, held in a man s nand? If tne power of giving a 
fhock is in the water contain’d in the phial, it fhould re- 
main theie tho decanted into another phial, fince no non- 
electric body touch’d it to take that power off. The phial 
being placed on wax is no objection, for it cannot take the 
power from the water, if it had any, but it is a necef&ry 
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means to try the fad; whereas, that phial’s being charged 
when he d m a man’s hand, only proves that water will 
condudt the eleCtric matter. The AbbC owns, p . 94 . that 
he had heard this remarked, but fays, Why is not a con- 
ductor of electricity an electric fubject? This is not the 
queftion ; Mr Franklin never faid that water was not an e- 
leCtric fubjeCt; he faid, that the power of giving a fliock 
was in the glafs, and not in the water ; and this, his expe- 
riments, fully prove; fo fully, that it may appear imper- 
tinent to offer any more : Yet as I do not know that the 
following has been taken notice of by any body before, 
my inferting of it in this place may be excufed. It is this : 
Hang a phial, prepared for the Leyden experiment, 
to the conductor, by its hook, and charge it, which 
done, remove the communication from the bottom of 
the phial. Now the conductor lhews evident figns of be- 
ing eleCtrifed; for if a thread be tied round it, andit s ends 
left about two inches long, they will extend themfelves 
out like a pair of horns; but if you touch the con- 
ductor, a fpark will iffue from it, and the threads will fall, 
nor does the conductor iliew the leaft lign of being elec- 
trifed after this is done. I think that by this touch, I 
have taken out all the charge of eleCtric matter that was 
in the conductor, the hook of the phial, and water or fi- 
lings of iron contain’d in it ; which is no more than we 
fee all non-eleCtric bodies will receive ; yet the glafs of the 
phial retains its power of giving a fliock, as any one will 
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find that pleafes to try. This experiment fully evidences, 
that the water in the phial contains no more eleCtric mat- 
ter than it would do in an open bafon, and has not any 
of that great quantity which produces the fliock, and is 
only retain’d by the glafs. If after the fpark is drawn 
from the conductor, you touch the coating ol the phial 
(which all this while is luppofed to hang in the air, free 
from any non-eleCtric body) the threads on the conductor 
will inflantly flart up, and fhew that the conductor is elec- 
trifed. It receives this eleCtrifation from the inner furface of 
the phial, which, when the outer furface can receive what it 
wants from the hand applied to it, will give as much as 
the i bodies in contaCt with it can receive, or, if they be large 
enough, all that it has of excefs. It is diverting to fee how 
the threads will rife and fall by touching the coating and 
conductor of the phial alternately. May it not be that the 
difference between the charged fide of the glafs, and the 
outer or emptied fide, being leflen’d by touching the hook 
or the conductor; the outer fide can receive from the hand 
which touched it, and by its receiving the inner fide can- 
not retain fo much; and for that reafon fo much as it can- 
not retain eleCtrifes the water, or filings and conductor : 
For it feems to be a rule, that the one fide muff be emptied 
in the fame proportion that the other is fill’d : Tho’ this 
from experiment appears evident, yet it is ffill a myffery 
not to be accounted for. 



I am 



Remarks on the Abbe Nollet’s 

. 1 am > m man y P laces of the Abbe's book, furprifed to 
lind taat experiments have fuccecded fo differently at Pa- 
ns from what they did with Mr Franklin , , and as I have 
always obferv’d them to do. The Abbe, in making expe- 
riments to find the difference between the two furfaces of 
a charged glafs, will not have the phial placed on wax : 
For, fays he, don’t you know that being placed on a body 
originally eleCfric, it quickly lofes its virtue ? I cannot i- 
magine what ffiould have made the Abbe think fo; it 
certainly is contradictory to the notions commonly received 
of eledtrics per fe ; and by experiment I find it entirely 
other wife: For having feveral times left a charged phial, 
for that purpofe, {landing on wax for hours, I found it to 
retain as much of its charge as another that flood at the 
fame time on a table. I left one {landing on wax from io 
o’clock at night till 8 next morning, when I found it to 
retain a fufficient quantity of its charge, to give me a fen- 
fible commotion in my arms, though the room in which 
the phial flood had been fwept in that time, which muff 
have rais’d much dull to facilitate the difeharge of the 
phial. 

I find that a cork ball fufpended between two bottles, 
the one fully and the other but little charged, will not 
play between them, but is driven into a fituation that 
makes a triangle with the hooks of the phials ; though 
the Abbe has afferted the contrary of this, p. ioi, in or- 
der to account for the playing of a cork ball between the 

wire 
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wire thrufl into the phial, and one that rifes up from its 
coating. The phial which is leafl charged mufl have 
more eledlric matter given to it, in proportion to its bulk, 
than the cork bull receives from the hook of the full 
phial. 

The Abbe {ays, p. 103, “ that a piece of metal leaf 
“ hung to a filk thread and eledlriled, will be repell’d by 
“ the bottom of a charged phial held by its hook in the 
“ air;’’ This I find conilantly otherwife, it is with me al- 
ways firft attracted and then repelled : It is neceffary in 
charging the leaf to be careful that it does not fly off to 
fome non-eledtric body, and fo difeharge itfelf when you 
think it is charged ; it is difficult to keep it from flying 
to your own wrifl, or to fome part of your body. 

The Abbe, p. 108, fays, “that it is not impoffible, as 
Mr Franklin {ays it is,, to charge a phial while there is a 
“ communication form’d between its coating and its hook’’. I 
have always found it impoffible to charge fuch a phial fo 
^ to give a ffiock : Indeed if it hang on the conductor 
without a communication from it, you may draw a fpark 
from it as you may from any body that hangs there, but 
tins is very different from being charged in fuch a manner 
as to give a ffiock. The Abbe, in order to account for 
tne little quantity of eledlric matter that is to be found in 
the phial, fays, «,hat i, rather follows the metal than the 

„ of*. , and J h |>.‘ “ ‘ S 0 “ in ‘° * he air from thc coating 

of the phial”. I wonder how ; t comes no( (o d(j fo ^ 

when 
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when it lifts through the glafc and charges the exterior 
furface, according to the Abbe’s fyftem ! 

The Abbe’s objections againft Mr Franklin ' s two lad 
experiments, I think, have little weight in them : He feems, 
indeed, much at a lofs what to fay, wherefore he taxes 
Mr Franklin with having conceal’d a material part of the 
experiment ; a thing too mean for any gentleman to be 
charged with, who has not Ihewn as great a partiality in 
relating experiments, as the Abbe has done. 
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ELECTRICAL EXPERIMENTS, 

With an Attempt to account for their 

SEVERAL PHENOMENA; 

Together with 

Some Obfervations on 'Thunder-Clouds , 

In further Confirmation of Mr Franklin’s Ob- 
fervations on the pofitive and negative electrical 
State of the Clouds, by John Canton, M. A. 
and F. R. S. 

Dec. 6, 1753.' 

EXPERIMENT I. 

F ROM the deling, or any convenient part of a 
room, let two cork-balls, each about the bignefs 
of a finall pea, be fufpended by linen threads of 
eight or nine inches in length, fo as to be in contadt with 
each other. Bring the excited glafs tube under the balls, 

^ and 
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and they will be feparated by it, when held at the diftance 
of three or four feetj let it be brought nearer, and they 
will ftand farther apart ; intirely withdraw it, and they 
will immediately come together. This experiment may 
be made with very fmall brafs balls hung by filver wire 5 
and will fucceed as well with fealing-wax made eleCtrical, 
as with glafs. 

experiment II. 

If two cork-balls be fufpended by dry filk threads, the 
excited tube mull be brought within eighteen inches be- 
fore they will repel each other j which they will continue to 
do, for fome time, after the tube is taken away. 

As the balls in the firft experiment are not infulated, 
they cannot properly be faid to be electrified : but when 
they hang within the atmofphere of the excited tube, they 
may attract and condenfe the electrical fluid roGnd about 
them, and be feparated by the repulfion of its particles. 
It is conjectur’d alfo, that the balls at this time contain 
lefs than their common fhare of the electrical fluid, on 
account of the repelling power of that which furrounds 
them ; tho’ fome, perhaps, is continually entering and paf- 
fing thro’ the threads. And if that be the cafe, the rea- 
fon is plain, why the balls hung by filk, in the fecond ex- 
periment, muft be in a much more denfe part of the at- 
mofphere of the tube, before they will repel each other. 
At the approach of an excited flick of wax to the balls, 
in the firft experiment, the eleCtrical fire is fuppofed to 

come 
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come through the threads into the balls, and be condenfed 
there, in its palfage towards the wax : for, according to 
Mr Franklin^ excited glafs emits the eleCtrical fluid, but 
excited wax receives it. 

EXPERIMENT III. 

Let a tin tube, of four or five feet in length, and about 
two inches inches in diameter, be inlulated by filk ; and 
from one end of it let the cork- balls be fufpended by linen 
threads. EleCtrify it, by bringing the excited glafs tube 
near the other end, fo as that the balls may ftand an inch 
and an half, or two inches apart : then, at the approach 
of the excited tube, they will by degrees lofe their repelling 
power, and come into contaCt and as the tube is brought 
ftill nearer, they will feparate again to as great a diftance 
as before : in the return of the tube they will approach 
each other till they touch, and then repel as at firft. If 
the tin-tube be electrified by wax, or the wire of a charg’d 
phial, the balls will be affeCted in the fame manner at the 
approach of excited wax, or the wire of the phial. 

EXPERIMENT IV. 

EleCtrify the cork-balls as in the laft experiment by glafs ; 
and at the approach of an excited flick of wax their re- 
pulfion will be increafed. The effect will be the fame, if 
the excited glafs be brought towards them, when they have 
been electrified by wax. 
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the tin-tube, in the third experiment, is fuppos’d to elec- 
trify it positively, or to add to the eledrical fire it before 
contained ; and therefore fome will be running off through 
the balls, and they will repel each other. But at the ap- 
proach of excited glafs, which likewife emits the eledrical 
fluid, the difcharge of it from the balls will be diminish'd ; 
or part will be driven back, by a force ading in a contrary 
diredion ; and they will come nearer together. If the 
tube be held at fuch a diftance from the balls, that the 
excefs of the denfity of the fluid round about them, above 
the common quantity in air, be equal to the excefs of the 
denfity of that within them, above the common quantity 
contain’d in cork; their repulfion will be quite deftroy’d. 
But if the tube be brought nearer ; the fluid without, be- 
ing more denfe than that within the balls, it will be at- 
traded by them, and they will recede from each other 
again. 

When the apparatus has loft part of its natural Share 
of this fluid, by the approach of excited wax to one end 
of it, or is eledrified negatively ; the eledrical fire is at- 
traded and imbib'd by the balls to fupply the deficiency ; 
and that more plentifully at the approach of excited glafs, 
or a body positively eledrified, than before ; whence the 
diftance between the balls will be increafed, as the fluid 
Surrounding them is augmented; And in general, whe- 
ther by the approach or recefs of any body ; if the diffe- 
rence between the denfity of the internal and external fluid 

be 
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ne increafed, or diminished; the repulfion of the balls will 
be increafed, or diminished, accordingly. 

experiment v. 

When the infulated tin tube is not eledrified, bring the 
excited glafs tube towards the middle of it, fo as to be near- 
ly at right angles with it, and the balls at the end will re- 
pel each other ; and the more fo, as the excited tube is 
brought nearer. When it has been held a few feconds, 
at the diftance of about fix inches, withdraw it, and the 
balls will approach each other till they touch ; and then 
feparating again, as the tube is moved farther off, will con- 
tinue to repel when it is taken quite away. And this re- 
pulfion between the balls will be increafed by the approach 
of excited glafs, but diminished by excited wax ; juft as 
if the apparatus had been eledrified by wax, after the 
manner defcribed in the third experiment. 

EXPERIMENT VI. 

Jnfulate two tin tubes, distinguished by A and B, fo as 
to be in a line with each other, and about half an inch 
apart ; and at the remote end of each, let a pair of cork 
balls be fufpended. Towards the middle of A , bring the 
excited glafs tube ; and holding it a Short time, at the di- 
ftance of a few inches, each pair of balls will be obferved 
to feparate : withdraw the tube, and the balls of A will 
come together, and then repel each other again ; but thofe 
of B will hardly be affeded. By the approach of the ex- 
cited 
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glafs , ube held under the balls of A, their repulfion 
be ‘ nCreafed : b “‘ if *<= '"be be brought, i„ ,he f ame 

sr *• “■-*** 4— nr 

In the fifth experiment, the common ftock of elearical 

ZZll ‘ he '? CUb :- “ fUPP ° fed '° b£ "bout 

1= midj.e, and to be condenfed at the ends, by the re- 
pelling power of the atmofphere of the excited glafs tube. 
W len held near it. And perhaps the tin tube may lofe 
fome of its natural quantity of the electrical fluid, before 
it receives any from the glafs ; as that fluid will more 
readily run off from the ends or edges of it, than enter at 
the middle : and accordingly, when the glafs tube is with- 
drawn, and the fluid is again equally diffufed through the 
apparatus, it is found to be electrified negatively : For ex- 
cited glals brought under the balls will increafe their re- 
puliion. 

In the fixth experiment, part of the fluid driven out 
of one tin tube enters the other ; which is found to be 
electrified pofitively, by the decreafing of the repulfion of 
its balls, at the approach of excited glafs. 

EXPERIMENT VII. 

Let the tin tube, with a pair of balls at one end, be 
placed three feet at leaft from any part of the room, and 
the air render’d very dry by means of a fire : electrify the 
apparatus to a confiderable degree ; then touch the tin 
tube with a finger, or any other conductor, and the balls 
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will, notwithftanding, continue to repel each other ; tho’ 
not at fo great a diftance as before. 

The air furrounding the apparatus to the diftance of two 
or three feet, is fuppofed to contain more or lefs of the 
electrical fire, than its common fhare, as the tin tube is 
electrified pofitively, or negatively ; and when very dry, 
may not part with its overplus, or have its deficiency fup- 
plied fo fuddenly, as the tin j but may continue to be e- 
leCtrified, after that has been touch’d for a confiderable 
time. 

EXPERIMENT VIII. 

Having made the Torricellian vacuum about five feet 
long, after the manner deferibed in the Philof optical T ranf- 
attions, Vol. xlvii. p. 370. if the excited tube be brought 
within a fmall diftance of it, a light will be feen through 
more than half its length : which foon vanilhes, if the 
tube be not brought nearer 5 but will appear again, as that is 
moved farther off. This may be repeated feveral times, 
without exciting the tube afrefh. 

This experiment may be confider’d as a kind of ocular 
demonftration of the truth of Mr Franklin's hypothefis ; 
that when the eleClrical fluid is condenfed on one fide of 
thin glafs, it will be repelled from the other, if it meets 
with no reiiftance. According to which, at the approach 
of the excited tube, the fire is fuppofed to ..be repelled from 
the infide of the glafs furrounding the vacuum, and to be 

carried 
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carried off through the columns of mercury ; but, as the 
tube is withdrawn, the fire is fuppofed to return. 

EXPERIMENT IX. 

Let an excited flick of wax, of two feet and an half 
in length, and about an inch in diameter, be held near 
its middle. Excite the glafs tube, and draw it over one 
half of it i then, turning it a little about its axis, let the 
tube be excited again, and drawn over the fame half } and 
let this operation be repeated feveral times : then will that 
half deftroy the repelling power of balls eledrified by glafs, 
and the other half will increafe it. 

By this experiment it appears, that wax alfo may be e- 
ledrified pofitively and negatively. And it is probable, 
that all bodies whatfoever may have the quantity they 
contain of the eledrical fluid, increafed, or diminifhed. 
The clouds, I have obferved, by a great number of expe- 
riments, to be fome in a pofitive, and others in a negative 
date of eledricity. For the cork balls, eledrified by them, 
will fometimes clofe at the approach of excited glafs j and 
at other times be feparated to a greater diftance. And this 
change I have known to happen five or fix times in lefs 
than half an hour ; the balls coming together each time, 
and remaining in contad a few feconds, before they repel 
each other again. It may like wife eafily be difeover’d, by 
a charged phial, whether the eledrical fire be drawn out 
of the apparatus by a negative cloud, or forced into it by 

a pofi- 
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a pofitive one : and by whichfoever it be eledrified, fhould 
that cloud either part with its overplus, or have its defi- 
ciency fupplied fuddenly, the apparatus will lofe its el eda- 
city : which is frequently obferved to be the cafe, imme- 
diately after a flafh of lightning. Yet when the air i9 very 
dry, the apparatus will continue to be eledrifed for ten 
minutes, or a quarter of an hour, after the clouds have 
paffed the zenith ; and fometimes till they appear more 
than half-way towards the horizon. Rain, efpecially when 
the drops are large, generally brings down the eledrical 
fire : and hail, in fummer, I believe never fails. When 
the apparatus was laft: eledrified, it was by the fall of thaw- 
ing fnowj which happened fo lately, as on the 12th of 
November j that being the twenty-fixth day, and fixty-firfl 
time, it has been eledrified, fince it was firfl fet up } which 
was about the middle of May. And as Fahrenheit's ther- 
mometer was but feven degrees above freezing, it is fup- 
pofed the winter will not intirely put a flop to obfervations 
of this fort. At London , no more than two thunder- 
florms have happened during the whole fummer : and the 
apparatus was fometimes fo ftrongly eledrified in one of 
them, that the bells, which have been frequently rung by 
the clouds, fo loud as to be heard in every room of the 
houfe (the doors being open), were filenced by the almofi: 
conftant flream of denfe eledrical fire, between each bell 
and the brafs ball, which would not fuffer it to ffrike. 

I fhall conclude this paper, already too long, with the 
following queries : 



X 
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i. May not air, fuddenly rarefied, give electrical fire to 
and air fuddenly condenfed, receive electrical fire from* 
clouds and vapours pafling through it ? 

. 2 ’ Is not the ama borealis , the flawing of eledrical 
fire from pofitive, towards negative clouds at a great 
lftance, through the upper part of the atmofphere, where 
the refiftance is leaft ? 



appendix. 



A S Mr Franklin , in a former letter to Mr Collin- 
fon , mentioned his intending to try the power 
of a very ftrong electrical fhock upon a turkey, 
that gentleman accordingly has been fo very obliging as to 
lend an account of it, whichJsr to the following purpofe. 

He made firlt -feve ra l experiments on fowls, and found, 
that two large thin glafs jars gilt, holding each about fix 
gallons, and fuch as I mentioned I had employed in the' 
laft paper I laid before you on this fubjeCt, were fufficient, 
when fully charged, to kill common hens outright ; but 
the turkeys, though thrown into violent convulfions, and 
then, lying as dead for fome minutes, would recover in 
lefs than a quarter of an hour. However, having added 
three other fueh to the former two, though not fully 
charged, he killed a turkey of about ten pou nds , weight, 
and believes that they would have killed a much larger. 
He conceited, as himfelf fays, that the birds kill’d in this 
manner eat uncommonly tender. 

In making thefe experiments, he found, that a man 
could, without great detriment, bear a much greater fhock 
tnan he imagined : for he inadvertently received the flroke 
of two of thefe jars through his arms and body, when 
they were very near fully charged. It feemed to him an 
univerfal blow throughout the body from head to foot, 

and 
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and was followed by a violent quick trembling in the trunk 
which went off gradually in a few feconds. It was feme 
minutes before he could recolledt his thoughts, fo as to 
know what was the matter ; for he did not fee the flafh, 
tho his eye was on the fpot of the prime conductor, from 
whence it ftruck the back of his hand; nor did he hear 
the crack, though the by-ftanders faid it was a loud one ; 
nor did he particularly feel the ftroke on his hand, tho’ 
he afterwards found it had railed a fwelling there, of the 
bignefs of half a fwan-fhot, or piftol-hullet. His arms 
and the back of his neck felt fomewhat numbed the re- 
mainder of the evening, and his bread: was fore for a week 
after, as if it had been bruifed. From this experiment 
may be feen the danger, even under the greatefl caution, to 
the operator, when making thefe experiments with large 
jars ; for it is not to be doubted, but feveral of thefe fully 
charged would as certainly, by increafing them, in propor- 
tion to the fize, kill a man, as they before did a turkey. 

N. B. The original of this letter, which was read at the 
JR.oyal Society, has been miflaid. 



FINIS. 



